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The American Farm Problem 


The Present Unsatisfactory Economic Status of the American Farmer, and How It May Be 
Improved Through Tariff Adjustments, the Development of Inland Waterways, Better Grain 
Grading, and the Application of Engineering and Industrial Methods to Agriculture 


By THOMAS D. CAMPBELL,'! HARDIN, MONT. 


He condition of agriculture is the greatest economic prob- 
lem before our country today. All other industries have 

had unprecedented prosperity and all employees have had 
unparalleled pay checks. Industry has been buying from itself 
for the past five vears until its workers have hypothecated their 


salaries and pay checks for fifteen 


in peace and war alike, he drifted from the soil to form a de- 
generate town rabble, which listened to agitators and unscrupu- 
lous politicians who told him that the government owed him a 
living. Conditions became so serious that about the time of 
Augustus Caesar the Roman Government, seeking to appease 

the people, put an established price 





to thirty months, chiefly by in- 





stallment buying, to the extent 
of five to six billion dollars per 
vear Meanwhile the purchasing 
wer of the farmer has dimin- 
shed nine billion dollars in eight 
vears. The workers in industry, 
particularly their wives, are begin- 
ning to realize that they have as- 
sumed large future commitments 
ind are curtailing their purchases. 
It is easy to see how a great in- f ‘ 
dnaiiiad demeiion will anus de immediately afterward. 
ve lop if pay rolls were reduced or 
eliminated Vacuum cleaners, 
radio outfits, electric washers, auto- 
mobiles, and many other necessi- 
ties would be returned to the 
manufacturer because the monthly ‘ 
; trained man. 
ustallments could not be met. 
Business men, manufacturers, 
ind other thinkers realize this con- 
lition and know that it is very nec- 
essary that the farmer become a 
irchaser again if we are going to 
maintain our national prosperity. 


1, engineering. 


isa recognized fact that we can- 








HE engineer, particularly the mechanical and 

construction type of engineer, is going to be a 
big factor in the solution of the agricultural problem. 
He is going to do for agriculture what he has done for 
industry. Industry long ago accepted the advice and 
reports of the engineer, and recently has not only 
accepted his advice but has adopted him. Twenty-five 
years ago, when many of us were being graduated 
from college, the engineer was consulted and some- 
times called in at directors’ meetings—to be dismissed 
Now he is invariably a 
member of the Board—very often the vice-president, 
as well as chief engineer, and there are many instances 
in which the chief engineer has become the president 
or general manager. Business men and the owners 
of capital are beginning to realize that the modern 
engineer is a good executive as well as a technically 


Farming will soon be recognized as a dignified 
business. People will give it the classification to 
which it belongs, and it will attract the smart, ambi- 
tious young man. The biggest industrial opportunity 
in the United States today is in agriculture, and the 
broadest field for the technical man is in agricultural 


on grain, but history tells us that 
this did not solve the problem. 

The Russian revolution was 
made possible because of the de- 
sire of the Russian peasants to own 
their land. 

England has always had her ag- 
rarian discontent, and now we have 
it as the biggest and most im- 
portant economic problem in our 
country today. 

There were many good and 
sufficient causes for the Non-Par- 
tisan League in North Dakota. It 
is impossible to stampede 600,000 
people into a revolt against con- 
ditions in three months, as the 
election of 1917 in North Dakota 
showed, without some injustice 
back of it all. It takes years of 
wrong or unfair practices, either 
fancied or otherwise, to move 
people into such a political revolt, 
and the fear now is that we may 
have a national Non-Partisan 
League if our business men and 
our statesmen do not give their 











t have continuous national pros- 


time and attention to our own ag- 





verity without agricultural success. 

Chere has always been a farm problem. The Pharoahs had 

when they were building their pyramids in the valley of the 
Nile. The Greeks had it, the Carthaginians had it, and there 
vas no more serious time in all of Roman history than when the 
larmers revolted after the second Macedonian war. The land 
question then was what the wage question is now to our more 
‘omplex industrial society. The rift between the rich and the 
poor went on widening. Cheap grain was shipped in from 
other provinces and undersold the Italian farmer. The small 
f 


larmer had no escape; formerly the mainstay of Italian society 


' President, Campbell Farming Corporation. Mem. A.S.M.E. 
Address delivered at banquet, A.S.M.E. Summer Meeting, 
- Paul-Minneapolis, August 27 to 30, 1928. 


St 


ricultural problem, for no one will 
deny that we have such a problem. 

It is not an easy problem to solve, as it involves our entire 
national life, economic and social. It has many aspects, and no 
one suggestion will cure. The average tenant or farmer has 
little hope or enthusiasm. His children leave the farm as soon 
as they are educated or feel their obligations to their parents 
have been fulfilled. No woman in any other industry puts in as 
many hours of toil as the farmer’s wife. 

Few realize the magnitude of the agricultural industry and its 
relationship to all business. Farming as an industry is greater 
than all our other industries combined, and over fifty per cent 
of our export business consists of products manufactured from 
raw farm products. How important a factor this is will be seen 
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when it is realized that our export business averages about 
$480,000,000 per month. Agriculture in the United States 
represents an investment of approximately $90,000,000,000. 
There have been years when the products of our farms sold 
for $20,000,000,000. This is two-thirds of our total war ex- 
pense, and almost equal to the 1922 appraisal of all the railways, 
including terminals, in the United States. It requires more 
power to plow the farm lands in the United States within proper 
season than it does to operate all of our other industries combined, 
including transportation. It is not strange, therefore, that 
every one in the United States is more or less interested in the 
success of agriculture. 

Many bills and suggestions have been offered, many ideas 
proposed, all of which have been rejected—without other pro- 
posals—much to the discouragement of the farmer. He feels 
that other industries, including labor, have been rather well 
provided for by our tariff and restricted immigration. Banking 
and financial interests have been well stabilized through our 
Federal Reserve and the McFadden Banking Bill. The neces- 
sity of a fair return for transportation has been recognized by 
our Transportation Act and Interstate Commerce Commission. 
Public-utility corporations are allowed a fair return on their 
investment. 

Two million farmers have abandoned their homes since 1920, 
and the condition of the small farmer is worse than it has ever 
been. He receives about a dollar for 60 pounds of wheat, and the 
city man pays 10 cents a pound for bread. He received 10 cents 
a pound for pork and 70 cents a bushel for corn, while the con- 
sumer pays 50 cents for bacon. - He receives two to three dollars 
a barrel for apples which sell for 10 to 15 dollars per barrel, 
and so with all other commodities except citrus fruits and wool. 
The margin is too great; something is decidedly wrong. 

If the tariff is lowered, the manufacturer and the laborer will 
suffer. If railway rates are lowered, wages will be reduced and 
service impaired. If the Federal Reserve system and the Mc- 
Fadden Banking Act are repealed, credit will suffer and panic will 
stare us in the face—business confidence will disappear and 
industrial depression will follow. If cooperative marketing is 
advocated or government control and price fixing are suggested, 
all commission merchants and city organizations will loudly pro- 
test and the cry of special privilege will be raised. If the farm- 
ers endeavor to help themselves or demand the same advan- 
tages as other industry enjoys, it is socialism, unsound pater- 
nalism, or radicalism. 

All of these questions are debatable, and I am not advocating or 
denying them. It does seem, however, that several things 
can be accomplished with our present laws and regulations which 
will solve many of the farmers’ problems without new legislation 
or appropriation of large funds from the national treasury. 

We have farmed for many years and know that the following 
suggestions will greatly relieve the present condition. 





Tue TARIFF AND LABOR 


Give the farmer the same protection through our tariff as other 
industries enjoy, and the advantages which labor has through 
restricted immigration. I feel that it would be a serious mistake 
to reduce our tariff on manufactured goods or to lessen the re- 
strictions on immigration, but it is only fair, as long as the farmer 
pays his share of this industrial and labor protection, that our 
flexible tariff be adjusted to give him similar advantage on his 
products. 

For instance, we have a tariff of 42 cents a bushel on wheat— 
certainly high enough for any one—but most wheat imported is 
milled in bond and 40 cents per bushel rebated. 

Economists, free traders, manufacturers, and bankers inter- 
ested in these mills unite in saying that all this grain would go to 
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Europe from Canadian mills if we did not grind it, and, as a result, 
a reduction in rebate would make no difference. This would be 
true if we produced enough hard spring wheat, high in protein, 
similar to what we import from Canada, but we do not. A re- 
duction of this rebate would increase the price of our Dark Hard 
Northern Spring wheat, and it is the first law of merchandising 
that if the better goods are increased in price, the other grades 
will increase accordingly or in proper proportion. 

About twenty-five years ago, when the Standard Oil Company 
first began selling kerosene to the Chinese in five-gallon tin cans, 
it used to ship tinplate into this country for the manufacture of 
these cans by the boatload. The cans were manufactured, 
filled with kerosene, and shipped to China duty free, as the 
manufacture was made in transit. The steel industry was well 
enough organized and strong enough to prevent this. It is not 
altogether a parallel case to milling wheat in bond, but there is 
certainly some analogy. 

We have a duty of 45 cents a bushel on flaxseed, but the manu- 
facturers of linseed oil crush this seed in New York, ship the oil 
cake to Europe, where it is sold for five dollars a ton less than 
it will bring in this country, and by so doing they get a rebate 
equivalent to 15 cents per bushel on the imported flaxseed, 
making the duty but 25 cents per bushel, and at the same time 
depriving the American cattleman of the use of this cheap oil 
cake. 

Tons and tons of molasses are imported into this country yearly 
from Cuba for the manufacture of industrial alcohol. This is 
a by-product of their raw sugar. Cuba is not an industrial 
country and this by-product is purchased very cheaply. It comes 
in practically duty free and takes from our corn farmer a market 
which he used to have for his low-grade corn, estimated by some 
authorities as equivalent to 100,000,000 bushels. As a result 
this poor corn drifts to terminal markets, and because it can be 
delivered on future contracts at a reasonable discount it keeps 
the price down on 2,000,000,000 bushels of corn. This condition 
can be changed with our present laws and regulations. 

No one works harder than the dairy farmer. He averaged 
last year for the entire output about $60 per cow, which included 
the cost of the cow’s feed, his labor, and the sale of the product. 
Yet we imported for the twelve months ending September, 1927, 
17,000,000 pounds of cheese, 4'/; million gallons of cream, 
4,000,000 gallons of milk, 6,000,000 pounds of condensed milk, 
and 500,000 pounds of butter. It is only recently that we had 
any duty on milk and milk products, and there is very little now 
on milk, but when manufactured into butter the duty is 12 cents 
per pound—protection for the manufacturer but none for the 
producer. 

The United States imported for the year ending June 30, 1927, 
over two and one-half billion dollars’ worth of agricultural and 
forest products, one billion of which can be produced in our own 
country, such as soy beans, eggs, milk, hides, buckwheat, rice, 
tobacco, flax, etc. The tariff should be increased on these prod- 
ucts so that we could afford to raise them. Recently the duty on 
cast iron and structural steel was raised 50 per cent because a 
little cast iron and steel was coming in from Belgium and Ger- 
many. 


RAILWAY RATES AND WATERWAYS TRANSPORTATION 


A discussion of the farm problem would not be complete with- 
out some reference to transportation, as it is such a big factor 
in that business. During the period of recent low prices of grain 
it required practically one-third of the gross selling price of our 
grain from Montana to pay for the transportation costs. No 
other industry in the United States could stand such a propor- 
tionate charge, with the possible exception of heavy commodities 
such as iron ore and coal, which are mined by machinery at a 
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very low cost. I do not favor a reduction of railway rates as 
the item of service is a great part of the cost, and in order to 
get this service, rates must be in accordance. There can be, 
however, an adjustment of rates without any resultant reduction 
to the transportation companies. For instance, any one knows 
that the movement of a car of cattle two thousand miles to 
market is more hazardous and expensive than that of a car of 
wheat, and the value at present prices is five times as much. 
Still it costs twice as much to get a car of wheat to market as it 
does a car of livestock. 

Railway companies have always been friendly to agriculture. 
It is to their best interest to be so. Our transportation facil- 
ities are now overtaxed and will continue to be. The one great 
relief for this congestion without discrimination against any 
railway line will be the development of our inland waterways. 
All big railway systems in the United States either cross the 
Mississippi and Missouri or reach them. Grain and other com- 
modities from the Northwest can be delivered at New Orleans 
for distribution east or west—east to Europe or west through 
the Panama Canal. Such an improvement would at the same 
time solve to a great extent our flood problem, and the entire 
Northwest would profit by it. Grain is transported in Canada 
for approximately one-half what it costs the farmer in the United 
States for the same distance. Sometimes you hear the remark 
that the railways in Canada are government-owned and _ that 
is why it is possible, but the Canadian Pacific is not govern- 
ment-owned. It transports the greatest bulk of Canadian wheat, 
and its earnings are comparable to those of any railway in the 
United States. 


Boarpbs OF TRADE AND GRAIN GRADING 


Many farmers are of the opinion that boards of trade are 
unfriendly toward them and try to depress the price. This is not 
so, but there are of course members of boards of trade+- who 
manufacture a finished product from the raw farm product, and 
they very naturally buy that commodity as cheaply as they 
can and oppose any legislation which will increase the price. 
hey are, however, a very small percentage of the membership. 

The established rate for selling grain on the boards of trade 
is very low, about 1'/: cents per bushel, and is the cheapest part 
in a farmer’s operations. Most commission houses will get for 
the seller in better grades, reinspection, better markets, and 
better prices a sum equal to several times the selling cost. 

Practically all grain purchased by line elevator companies, 
terminal elevators, and millers is ‘“‘hedged.’’ This means that 
« bushel is sold short on the market for every bushel purchased. 
Bankers require this in order to keep the account balanced. A 
part of this hedging is done during the time the farmer is market- 
ng his grain, and often when the speculator is selling short. The 
farmer is selling also, so we have practically the sale of four 
bushels of grain for every one produced, not including specu- 
ition. A great portion of Canada’s crop is purchased in Canada, 
delivered to England and Europe, and sold short in the United 
States. There is no duty on short sales, and we have to absorb 
ll of this European hedging pressure each year without any 
duty protection. This is a subject which is worthy of con- 
siderable thought. 

The Government should establish grades representing the 
highest grade, and buyers should not be permitted to trade in 
vrades having more value. To illustrate: All terminal buyers 
i the Northwest trade in four grades—namely, choice, extra 
hoice, faney, extra fancy—higher than Dark Northern Spring, 
the highest grade recognized by the Department of Agriculture 
and the highest grade which can be put on a storage ticket. 
(hese four grades vary in value from five to thirty cents more 
than Dark Northern Spring. This causes a loss to all farmers 
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in the spring-wheat area estimated at an average of 15 cents a 
bushel if they sell in less than car lots, and most wheat is sold in 
less than car lots. The farmer will take a storage ticket for his 
wheat. It may be extra fancy. The ticket by law cannot read 
better than Dark Northern Spring. The next day, next week, 
or next month the farmer sells his wheat and presents his ticket. 
He is paid the card price for Dark Northern Spring, while his 
wheat may be worth 25 cents more. This can be changed very 
easily and should be done, as the use of higher grades is only a 
subterfuge to buy cheaper. 

Some attention should be paid to the regulation discounts, 
etc. which apply to grain which can be delivered on future con- 
tracts, as the future price determines the daily price card, govern- 
ing the purchase of all grains. This grading of grain alone will 
go a long way toward solving the spring-wheat-growers’ problem 


FarM REPRESENTATION 


Agriculture should be represented on all national boards, 
especially farm loan banks, intermediate credit banks, and 
interstate commerce commissions. An industry which repre- 
sents one-third of our total railway tonnage surely has a right to 
representation, but he must not be a farmer who fails to appre- 
ciate service. Moving the major portion of a crop of approxi- 
mately 800,000,000 bushels of wheat each year, together with 
our other farm products, in approximately three months, requires 
an investment in cars, motive power, and organizations scarcely 
realized by most people. 


INDUSTRIALIZATION 


The foregoing suggestions are all big factors in the solution 
of the present farm problem, but more effective and positive 
still will be the application of engineering and industrial methods. 
There are but two types of successful farming in the United 
States today under present economic conditions: namely, the 
small farm on which the farmer and his family do all the work 
and there is no payroll; and the large farm operated ‘on an in- 
dustrial basis with economical units, skilled workmen, high 
wages, and scientific business management. All other industry 
has increased its output per man many times. The economical 
unit is well established. What chance has the farm to engage 
skilled men when they can earn several times as much in the city? 
What inducement is there for the farmer boy with brains to re- 
main on the land when he can be more prosperous in the city 
and where capital will finance his ideas? The farmer is like 
every other manufacturer who has foreign competition or a 
surplus. He must either reduce his costs, get tariff protection, 
or limit his production. We have too many people on the land 
now. Less than 20 per cent of our population will be on the 
farms in another twenty years. This farm population will drift 
to the city to meet our ever-growing industrial demands. 

The farmer is trying to compete in an unorganized way with 
the thoroughly trained and organized purchasers of his products. 
He needs the support of the business man and the Government 
until he can better organize his production and marketing. He is 
not entitled to any special privilege nor extra consideration, 
but the same recognition, the same protection, and the same 
advantages that other industries enjoy through our national 
laws and regulations will give him unprecedented prosperity. 

The engineer, particularly the mechanical and construction 
type of engineer, is going to be a big factor in the solution of the 
agricultural problem. He is going to do for agriculture what he 
has done for industry. Industry long ago accepted the advice 
and reports of the engineer, and recently has not only accepted 
his advice but has adopted him. Twenty-five years ago, when 
many of us were being graduated from college, the engineer was 
consulted and sometimes called in at directors’ meetings—to be 
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dismissed immediately afterward. 
ber of the board 


Now he is invariably a mem- 
very often the vice-president, as well as chief 
engineer, and there are many instances in which the chief engineer 
has become the president or general manager. Business men 
and the owners of capital are beginning to realize that the modern 
engineer is a good executive as well as a technically trained man 
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Farming will soon be recognized as a dignified business. 
People will give it the classification to which it belongs, and it 
will attract the smart, ambitious young man. The biggest in 
dustrial opportunity in the United States today is in agriculture, 
and the broadest field for the technical man is in agricultural 


engineering. 


Operating a 95,000-Acre Wheat Farm 


Thomas D. Campbell, of Montana, Employing Engineering Methods and Ingenious Combina- 
tions of Power-Driven Machines on a Tremendous Scale, Operates With 


Skilled Men on an 


Industrial Basis 
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HE great industrial opportunity today is in agriculture.”’ 

Thomas D. Campbell has proved the truth of this his own 

statement on the 95,000 acres of the Campbell Farming 
Corporation. By the intensive use of modern machinery, oper- 
ated by thoroughly organized, highly skilled, and well-paid men, 
he has shown that producing wheat and flax at a profit does not 
depend on receiving the highest prices in a fluctuating market 
for these commodities. His operation is conducted on the same 
basis as that of any other great industry. He has used engineer- 
ing skill and judgment to build his own farming industry, and 
he looks to engineering and industrial principles to play a large 
part in the solution of the American agricultural problem. 





95,000 AcRES OF THE CAMPBELL FARMING CORPORATION 


As the son of a farmer, Campbell’s young dreams were of 
reducing the drudgery of farm work and of bringing vast acreages 
to fruitful harvest by the employment of great units of mechanical 
power. He therefore studied mechanical engineering, later being 
graduated from the University of North Dakota and then taking 
post-graduate work at Cornell. His vision of machinery in 
large-scale farming was realized during the war when he 
drafted to grow wheat for the allied armies on 7000 acres of the 
Crow Indian reservation in southern Montana. 
cessful in this venture, and after the war organize: 
Farming Corporation which operates 95,000 : 
scene of his first success. 
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Fics. 3-6 Harvesting Metuops Now BEcoMING OBSOLETE 
(Fig. 3, Reaping. Fig. 4, Shocked Wheat. Fig. 5, Threshing. Fig. 6, The Threshing Crew.) 
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American inventors have led the world in providing machinery 
for the use of farmers. Today an American farm without a 
goodly quota of machinery is unknown. 
unique not because he uses machinery but because he uses it on a 


Campbell’s success is 


tremendous scale and with the organization necessary to com- 
plete the operations on his vast acreage in good season. He likens 
large-scale farming to an annual construction contract with 
penalty and bonus clauses which place a premium on engineering 
judgment and ability to get things done. He has sufficient 
equipment to plow a thousand acres a day and sow and harvest 
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enables Campbell to face low prices for either of the two crops 
The secret of successful dry farming is to keep the surface of the 
soil pulverized after plowing and during the early days of growth 
so that the natural rainfall is conserved. About 65,000 acres of 
the 95,000 have been plowed. Crops are grown in two con- 
secutive years, and the third year the ground lies fallow. Two- 
thirds of the plowed land is therefore in crop each year. The 
first plowing is done with moldboard plows to a depth of four 
inches. 
rainfall is sown and the soil packed in by weighted packers 


The quantity of seed that will mature under probable 
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NINE COMBINES CUTTING AND THRESHING WHEAT AS THEY Move 


The first seven store the grain on the machine; the last two, of an older model, place it in wagons drawn at the side of the machine 











Fie. 8 ComBIne, Sipe VIEW 


( Note the separate driving motor in front and the storage bin on top. This 


bin may be emptied into the grain truck brought alongside.) 


two thousand acres a day. In dry farming, which is the type 
he practices, the operations must be carried to completion when 
rain and weather are right. He must frequently save his crop 
from hail. His success is therefore measured by his ability to 
use his equipment to the full during the available working periods. 


Farm LocaTIon 


Campbell demands the same quality of data on which to base 
estimates of probable success in farming that an engineer de- 
mands for estimating the feasibility of a hydroelectric plant or 
any other engineering project. In selecting his farm lands, 
he studied rainfall and hail records, topography (important for 
large-scale mechanical operation), soil productivity, and prox- 
imity to transportation systems and markets, and his choices 
have justified his judgment. The lands are located along the 
Big Horn and Little Big Horn Rivers (Fig. 1), and are divided 
into seven farms. One is irrigated, while the others are dry- 
farmed. 

FarRMING METHODS 


The crops grown are wheat and flax, a diversification which 


Fig. 9 Combine, REAR VIEW 
attached to the seeding machines. Harrowing follows at inter- 
vals to keep the weeds down and work the surface. After the 
second crop, the fields are allowed to grow wild one season. Then 
in the fall the growth of from one foot to eighteen inches is plowed 
under by disk plows. The broken ground permits the fall rains, 
snow, and spring rains to percolate into it. The plowed-under 
vegetation provides the necessary nitrogen for fertilizer. No 
other fertilizer is used except the straw that fals after the har- 
vesting. Tractors are used exclusively in these operations, one 
tractor drawing four gang plows, five seeders, and five harrows 
In harvesting, Campbell uses the combined reaper and thresher, 
known as the ‘‘combine,”’ Figs. 7, 8 and 9 which has recently come 
into widespread use. The combine offers many economies over 
the previous method of binding the grain, placing it in shocks to 
cure, and then hauling it to the threshing machine. The thresh- 
ing operation was costly and brought with it labor problems 
The combine threshes as it reaps, and eliminates many inter- 
mediate steps and handlings. It saves the troublesome binding 
operation on the reaper with its expense for twine, and eliminates 
the need for shocking, loading, and hauling the grain to the thresh- 
ing machines. The illustrations on page 749 show the two 
methods. The difference in labor required is apparent. 
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Combine operation requires some definite conditions if its econ- 
The field of grain must be uniformly 
ripe and free from weeds, and the grain itself should thresh 
out dry. 


omies are to be realized. 


Flax is especially troublesome, because when the 
seed is ready to thresh, the stalk is green and stringy and will 
stick in the combine. To offset these objections Campbell 
worked out his “windrow method” (Figs. 10-12). The grain 
is cut by units of four ten-foot reapers drawn by one tractor. 
The reapers have their bundling devices stripped off and exten- 
sion carriers substituted. The first reaper in the unit drops the 
grain in a row, the second has a carrier which drops its grain in 
the same row, the third reaper has a still longer carrier, as has the 
fourth, so that the products of the four machines fall in one win- 


drow. These four reapers are operated by one man, who moves 
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in high wages with a bonus for performance, and has not lacked 
for good men, applications coming to him from all over the 
country. Each man is assigned to his own machine and is held 
responsible for its care and operation. Depending upon the 
type of machine, a bonus of from 7 to 10 cents per mile is paid 
for every mile it traverses. Lost tools and unnecessary breakages 
are charged to the operator and deducted from his accumulated 
bonus. Farming is necessarily a sunrise-to-sunset operation, 
and in harvesting time the machinery may be in the field sixteen 
Overtime and extra mileage are paid for, 
but no extra time is allowed for oiling and for minor adjustments. 
During the off season the men go to the cities or seek temporary 
employment. 


or more hours a day. 


The foremen and managers are kept busy during 
this time on equipment maintenance. 
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Fig. 11 ComBininGc From THE WINDROW, REAR VIEW 

from one to the other on a running board and signals the tractor 
operator by a bell cord. The grain dries in the windrow and 
then a special combine is used with a hay loader in place of the 
usual grain-cutting mechanism. As the combine is drawn along, 
the loader picks the grain from the windrow and delivers it to 
the combine, where it is threshed and placed in the storage bin on 
the machine or in a wagon drawn at the side. The combine, 
normally expected to cut and thresh the grain from a twenty-foot 
strip, is by this method threshing the grain cut from a forty-foot 
strip. ground the 
The 
windrow method has thus made combine economies available for 
all crop conditions. Campbell has patented it and placed it at 
the disposal of American farmers. 


This pays for the cost of going over the 
first time to cut the grain and pile it in the windrow. 


Laspor Pouicies 


The development of the windrow method is typical of the 
manner in which Campbell has largely done away with unskilled 
hand labor on his farms; instead he maintains a constant 
force of about two hundred skilled men for the farming season, 
which usually extends from April 1 to December 1. He believes 





REAPING FOR THE WINDROW 


MerETHOD OF COMBINING 
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COMBINING FROM THE WINDROW, FROM THE FRONT 


EQUIPMENT AND Its MAINTENANCE 


The equipment used in carrying on this large-scale operation 
presents an amazing total. It comprises 56 tractors totaling 
3000 hp., 500 plows of various types, 600 twelve-foot drills, 72 
binders, 21 combines, and 11 threshing machines now obsolete. 
For transportation there are 200 wagons, 12 motor trucks, and 10 
Farm work is severe on this equipment and 
maintenance is a serious problem. All of the equipment is 
gone over thoroughly during the winter, but breakdowns are 
frequent in tractors and farm machinery which is operating at 
full load practically 100 per cent of the time, and the wheels must 
be kept turning. Light running repairs are made in the field, 
but a well-equipped shop manned by skilled men is located at 
Hardin to handle the heavy repairs. Here a forge shop, com- 
plete welding equipment, machine shop, wood shop, and brass 
foundry are ready to overhaul equipment and place it back in 
the field in the quickest possible time. Overhauling is done on a 
production basis, tasks are set for overhauling the different types 
of machines, and a line of jigs, fixtures, and special cutting tools 
are ready to carry out the most frequent repair operations. The 
shop also contributes greatly to the economy of maintenance by 


automobiles. 
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Fic. 13 Farm Man 
machining replacement parts from rough castings, by making up 
interchangeable tractor bearings, by providing bushings for 
valve seats that may be replaced in the field, and by developing 
methods of using scrap parts such as tractor axles, which are 
upset and turned down into valves. Farm machinery gets rough 
service and its life may be increased by strengthening it before 
it goes into the field. Campbell accordingly trusses and stiffens 
his machines, and practically rebuilds wooden parts. In all 
these ways he estimates his shop with its skilled mechanics saves 
him $2000 a month. 


ORGANIZATION 


The organization which the Campbell Farming Corpora- 
tion employs is relatively simple. An operation manager is 
in charge in the field. There is a farm manager in charge of 
each of the seven farms who is responsible to the operation man- 
ager for the economical operation of his unit. His daily report, 
reproduced in Fig. 13, brings out all the important facts regarding 
his day’s work. Each farm has its own quota of men, machinery, 
spare parts, and repair trucks for emergency repairs, and is 
camped and provisioned as a unit. The field operations of 
plowing, seeding, etc. are under the supervision of separate fore- 
men who report to the farm manager. 


AGER’S Daity Report 


HaAvuLING GRAIN FroM THE FIELD 

On a 95,000-acre farm, the hauling of the grain from the field 
to the shipping point offers an excellent opportunity for engi- 
neering analysis. The wagon train shown in Fig. 14 cut the cost 
from one cent per bushel per mile to one-quarter cent per bushel 
per mile. With it two men transport 2400 bushels weighing 72 
A further cut to one- 
eighth cent is expected from a new scheme using a heavy truck 
with four rear driving wheels drawing two trailers and handling 
1000 bushels or 30 tons at from ten to twelve miles per hour. 


tons at a speed of three miles per hour. 


Doss It Pay? 
Does large-scale farming pay? 
with machinery are skeptical. 
esting figures. 
acre in crop, the labor cost per acre for plowing is 
for seeding, 7 


Many farmers not familiar 
However, here are some inter- 
With an investment in machinery of $10 per 


7 


zé cents; 
7 cents; and for harvesting and threshing, 40 cents. 
The total operating costs for this farm per year, including labor, 
operating expense, and overhead, will average about $8 per acre. 
The average yield for wheat in dry farming of this kind may be 
about 12.5 bushels per acre and for flax about 7 bushels. A sim- 
ple computation inserting the prices paid for wheat and flax at the 
elevator tells the story. 
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GRAIN WaGons FOR HAULING FROM FIELD TO SHIPPING PoINT 


(2400 bushels weighing 72 tons moved at the rate of 3 miles per hour.) 


A.C.S. Nitrogen Symposium 


"RHE economic, military, and industrial significance of nitrogen 

was brought out at the Nitrogen Symposium of the American 
Chemical Society, held at Swampscott, Mass., during the week 
of September 10. Williams Haynes, of New York, who pre- 
sided at the symposium, pointed out that farm relief is largely 
bound up in nitrogen, which, being the most expensive element 
that enters into fertilizers, has an important bearing upon farm 
costs and the future of American agriculture. 

Speaking at the same symposium H. R. Bates, vice-president 
of the International Agricultural Corporation, Atlanta, Ga., pre- 
dicted that the world’s wealth in future ages would be measured 
in terms of its nitrogen production instead of its gold. 

About thirty years ago, he said, the famous British scientist, 
Sir William Crookes, had startled the world by stating that unless 
we took advantage of the inexhaustible supply of nitrogen in the 
air, to supplement the Chilean nitrate, we should eventually 
This was 125 vears after the discovery of 


face starvation. 


nitrogen. Little did he dream of the outcome of his prophecy. 

There was hardly a problem in any branch of agriculture or 
industrial chemistry, he continued, that did not at some point 
require the consideration of nitrogen. 

He pointed out that the function of the fertilizer industry was 
to provide balanced fertilizers, compounded with due regard 
For 6,250,000 
farms covering 924 million acres there existed, he said, 675 ferti- 


to crop requirements, soil, and climatic conditions. 


lizer factories. 

The estimated loss of nitrogen from lands under cultivation in 
the United States and not replaced by manure, leguminous crops, 
atmospheric precipitation, and commercial fertilizer he placed at 
between 3 and 4 billion tons, and to replace this there would be re- 
quired between 15 and 20 billion tons of sulphate of ammonia. 
The fact that the soil needed nitrogen replacement was evidence 
that the nitrogen industry was fundamentally sound. 

That America must build its own nitrogen plants was brought 
out by Jasper E. Crane, president of Lazote, Inc., Wilmington, 
Del., in discussing ‘The New Place of Nitrogen in Chemical 
Economics” before the nitrogen symposium. 

Cheap nitrogen was as important to the farmer as cheap power 
was to the manufacturer, he said, and permitting greater crops to 
be grown on the same amount of land, it became a labor-saving 
factor of great importance. 

Styling the nitrogen industry as being of first-rate commercial 
importance, Mr. Crane showed how the nitrate of soda trade was 
the outstanding feature of the economic situation of Chile, and 
how the receipts from by-product ammonia played an important 
role in the coke industry of the great industrial nations. Ger- 
many’s great synthetic-nitrogen industry, he said had been a lead- 





Thus 
nations aimed at becoming self-contained with respect to nitro- 
gen; 
defense and the food supply prompting that desire. 


ing factor in her financial rehabilitation after the war. 
the instincts of self-preservation both as regards self- 
These conditions, however, were bringing into the industry 


He cited the instance of 
a plant large enough for military nitrogen requirements of a 


nitrogen projects which were unsound. 


country but too small for economical production and for lending 
any contribution to the needs of agriculture. Bolstering up such 
a project by government subsidy wasted public funds and preju- 
diced private enterprises, he said. same 


vein, Mr. Crane said: 


Continuing in the 


“Indeed, in considering nitrogen economics, one is struck by 
the many uneconomic things that are being attempted. Nitrogen 
Many 


plants have been erected which are too small or improperly 


fixation has become the fashion. Everybody is doing it. 
located with respect to raw materials or consuming markets to 
survive the coming competition. 
“Another feature of the ‘uneconomics’ of the industry is the 
Accurate sta- 
we must know 
what has been done in the past and what is going on today, before 


lack of accurate statistics, particularly abroad. 
tistics are the foundation of sound economics; 


we can look ahead intelligently. 

“After all, the nitrogen industry is comparatively new, and it 
is all the more important, therefore, to get our basic facts right, 
and not depend on premises which are unsound or hopes that 
may prove false. 

“The persistent idea of fixing atmospheric nitrogen at Muscle 
The old and 


out-of-date cyanamid plant there could not compete with present 


Shoals is an economic fallacy of the worst kind. 


processes and plants. 

“The synthetic-ammonia plant built in 1918 was not successful, 
and very large amounts of capital would be required to erect a 
modern synthetic-ammonia plant in a location which is com- 
pletely unsuited for the synthetic-ammonia industry, which re- 
quires cheap fuel and a situation near to consuming markets. 

“Cheap fertilizer would not be manufactured at Muscle 
Shoals, and instead of conferring a benefit on the farmer, an 
attempt to manufacture there would hurt his interest, by dis- 
couraging private enterprise, which is pushing forward so fast 
in solving the nitrogen problem for America.” 

Other speakers at the symposium and their topics included: 

Dr. Walter 8S. Landis, New York, ‘‘The International Nitrogen 
Problem;’’ E. M. Allen, President of the Mathieson Alkali 
Works, New York, “Synthetic Ammonia;’’ Charles J. Ramsburg, 
Vice-President of the Koppers Co., Pittsburgh, Pa., ‘‘By-Product 
Nitrogen.” 
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Tue Latest DEVELOPMENT IN POWER-FARMING MACHINERY, THE WINDROW HARVESTER 


Power in Agriculture 


By E. A. STEWART,! ST. 


HE use of mechanical power in agriculture is a modern 

idea. It is so modern, in fact, that still more than two- 

thirds of the world’s total food supply is secured by man 
power only, and less than 5 per cent of the world’s food supply 
is produced by means which employ mechanical power. It is 
a striking fact that the world’s oldest industry, civilization’s most 
fundamental occupation, should be the least developed of any 
industry from the standpoint of mechanical power. However, 
this can be readily explained. The production units are widely 
scattered; the workers have inherited habits of work through 
scores of generations; and until the present century agriculture 
has never had engineering principles and practices applied to 
its production efforts. 

The present generation little realizes that primitive agriculture, 
with its crooked stick for a plow and a broken branch for a harrow, 
is only a few generations back of us in this marvelous machine- 
made country and that primitive agricultural conditions still 
exist in large areas of the world. Countless millions of the world’s 
population must still produce their food by hand labor. 

It has been natural of course to supplant and to supplement 
man power with animal power from the earliest days of the 
domesticated animal. Beasts of burden have been used by nearly 
every human race for transportation and for tillage purposes. 
Even as early as 3000 B.C., animals were used in Mesopotamia 
and Egypt for even other purposes than the two mentioned. 
Pumping water for irrigation and treading out grain on the thresh- 
ing floor were two early uses of animal power. 

Progress in agriculture has been slow, and civilization cannot 


1 Division of Agricultural Engineering, University of Minnesota. 

Contributed by the American Society of Agricultural Engineers and 
presented at the Summer Meeting of the A.S.M.E., St. Paul-Min- 
neapolis, Minn., August 27 to 30, 1928. 
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do more than keep pace with its agriculture. Centuries were 
required for the crooked-stick plow to change to a shaped wooden 
plow, and then later to the wooden plow shod with iron. Iron- 
shod plows were in use in Israel as early as 1100 B.C. Thus, 
2000 years intervened from the crooked stick to an iron-shod 
plow. Even with this development, and only inadequately 
applied animal power to operate such plows, the hands of civi- 
lization were still tied to the task of food production. 

One of the greatest marvels of past history is how the Greeks 
and Romans constructed their wonderful pieces of art and 
architecture in the early centuries of the Christian era and how 
the peoples of western Europe constructed their wonderful 
cathedrals and other structures at a time when grain was cut 
with the sickle and threshed with the flail. Their conservation 
of time and food was a wonderful accomplishment compared 
to our waste of labor and food products, but their lives of drudg- 
ery from dawn to dark and their periods of starvation and pesti- 
lence furnish a sordid comparison to our present conditions, with 
many hours of play and recreation, short hours of work, and 
plentiful food supplies. With the necessity for 90 per cent of 
the population to engage in the production of food and shelter, 
the medieval peoples could never have left such monuments 
of art to their civilization by working on union hours. These 
monuments are really monuments to their lives of drudgery, self- 
denial, and food conservation. 


CENTURIES PASSED AS THE PLOW DEVELOPED 
It required more than another 2000 years to change the shaped 
wooden plow shod with iron into a plow with a curved moldboard, 
and into a plow that really turned over the dirt instead of merely 


stirring the soil. About 1700 A.D., the Dutch people perfected a 
moldboard plow, and they exported it to England in 1730. De- 
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velopments then began to come rapidly. Within another half- 
century the cast-iron share made its appearance, and by 1803 
the first chilled plows were put on the market. In 1833 John 
Lane and in 1837 John Deere made the two first steel plows. 
It was not until about 1850, or less than 80 years ago, that steel 
plows were put on the market. 

The development in plows typifies agricultural development. 
The plow and the spiked-tooth harrow were our only agricultural 
implements previous to 1800, the year of the author’s grand- 
father’s birth. Crude types of grain drills, mowing machines, 
reapers, corn planters, dump rakes, corn shellers, and threshing 
machines were developed between 1800 and 1850, with only a 
few being in use when his father was born in 1841. 

The year 1850 marks the beginning of modern agricultural 
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THe CLose CorRELATION BETWEEN OvuTPUT PER WORKER 
Anp Power Usep PER WORKER IN AGRICULTURE 


Figures at the left show relative production per farm worker (world's average 
is 100), while on the right is shown the amount of horsepower used 
per farm worker.) 


machinery. During the next three decades the self-binder 
using twine, the modern mower, the cylinder grain thresher, the 
hoe-type grain drills, cultivators, and other tools were developed, 
and many were in use at the time of the author’s birth in 1885. 
Animal power was still used almost entirely. A few windmills 
and steam engines, almost negligible in number, were in use. The 
large variety of agricultural tools now in use, with specialized 
equipment for each kind of crop and for use with mechanical 
power, such as corn planters, potato diggers, corn harvesters, gang 
plows, hayloaders, combine harvesters, ete., are a development 
of the present generation; and modern power farming, with gas 
tractors, trucks, electricity, etc., is now only a baby in swaddling 
clothes, an infant of fifteen years in the lap of old Mother Agricul- 
ture, now thousands of years of age. 

During the infantile and juvenile days of machine farming, up 
to 1875, the new member of the agricultural family had a precari- 
ous existence. Cyrus McCormick was hooted and jeered by 
the crowd of curious onlookers when he demonstrated his reaper; 
reapers and threshing machines were burned by laborers who 
were afraid of losing their jobs to the new machine-farming baby. 
City dwellers, even though they found food scarce and had bread 
riots and had to import foodstuffs, could not see the importance 
and the value to civilization of machine farming. Financial 
houses did not encourage or assist the manufacture of farm ma- 
chinery, nor did they assist farmers in securing such machinery. 

After many years of struggle, the whole civilized world awoke 
to the fact that the release of workers from the production of foods 
and raw materials, by the application of machinery, was making 
it possible for such workers tu produce those extras which make 
the workingman’s house a home and make life worth living. 
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The automobile, the fine modern homes, the radio, our transporta- 
tion methods, parks, museums, etc., have been builded by the 
labor that machinery has released from the production of food 
and clothing. Even with such machinery as was available in 
1850, approximately one out of five people in the United States 
was engaged in agriculture, while by 1920 not even one out of ten 
was so engaged, and yet this small number of farm workers pro- 
duced a very large exportable surplus of foodstuffs. 
Machine-farming developments from 1850 to 1920 have released 
approximately 27,000,000 workers from agriculture. Picture the 
undeveloped state of our cities, industries, transportation, and 
above all the entire absence of our modern sanitary and labor- 
freeing homes if we were still required to produce our agricultural 
crops as we did one hundred years ago. It takes but little imag- 
ination to picture our now beautiful country with its marvelous 
beautiful cities, as a peasant country ground down under long 
hours of toil, poorly educated people, faced periodically with 
famine and pestilence, with simple labor-killing homes for our 
families to live in if farming were now carried on as it was in 1830. 


PowER FARMING Now IN Its INFANCY 


History repeats itself. The baby, “power farming,” is now 
being laughed at by many people, and they see it in the same 
light as they saw the beginnings of machine farming. Con- 
scientious objectors in all walks of life say that “it can’t be done.” 
Many people have been and are still opposed to the use of me- 
chanical power to replace animal power in agriculture. Financial 
interests have done but little to encourage the farmer in using 
power. ‘Power farming”’ is still so much of an infant that great 














Fig. 2 
FARMING MaAcHINE THaT Repuces Cost oF PRODUCTION 


THE CoMBINE (HARVESTER-THRESHER), A MODERN POWER- 


masses of people, including farmers and even agricultural leaders, 
have not grasped the importance of this new member of the 
farming family. What machine farming has done for this coun- 
try in the last century will be more than duplicated by power 
farming during the twentieth century. 

While our population in 1950 may be six times as great as in 
1850, yet it is conceivable and probable that the decrease in num- 
ber of farm workers which started to take place in 1910 will 
continue, and by 1950 no more farm workers will be required to 
supply food for a population of 150,000,000 than were required 
in 1850 for a population of 25,000,000. What does it mean to a 
country to have millions of its workers freed from agricultural 
pursuits? It means better homes, higher standards of living, 
lessened hours of labor, better health, and more happiness. 

What are some of the things that have already been accom- 
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plished by the application of power to farming that lead us to pre- 
dict what power farming can do? One very interesting result 
is shown by Fig. 1. This chart reveals the very close correlation 
between volume of production per worker and the equivalent 
power per worker. A small amount of power per worker, as 
is available in countries like Italy and France, gives small re- 
Data for our own states show a striking 
Nebraska, with 
nearly six times the power available per farm worker there is in 
Alabama, has an output per worker over eight times as much. 
The total power requirements of agriculture in the United 
States are staggering. In 1924 the estimated primary horse- 
power on farms was 47,420,000 hp., out of which animal power was 
less than 20,000,000 hp., while in 1900 animal power constituted 
more than 80 per cent of the totalfarm power. Ina brief period of 
24 years mechanical power on farms has increased nearly eight- 
fold and is now over 50 per cent greater than the animal power. 
Contrast the total horsepower just stated with that given in the 
last United States census as 29,504,792 hp. for all manufacturing 
industries. This is the status of our baby, ‘‘power farming,’’ now 
barely 15 years of age. What a giant he is likely to be by 1950! 
Power intelligently applied to farming practices offers a tremen- 


turns per worker. 
similarity to these data for different countries. 


dous opportunity for decreasing labor costs and the total costs 


of production of farm products. The use of a grain elevator, a 
hopper-type feed grinder driven by an electric motor, and prop- 
erly arranged feed bins, enabled one farmer to change a 6-hour 
job into a 14-minute job. In another case, a farmer by using a 
milking machine reduced his total daily milking time from 10 


hours to 6 hours and 10 minutes. Such applications as these on 
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SPRAYING OR Dustinc WitTH A PowER-DRIVEN MACHINE 
EFFECTIVE Resutts aT Repucep Laspor Cost 


a widespread scale can revolutionize agriculture in a few years. 
The average cost per horsepower-hour of all power used in the 
United States in 1924 was 19 cents. What other industry 
could survive with such high power costs? 

Since it has been shown that electric power can be secured on 
farms where used in large quantities at 4 cents per horsepower- 
hour and even below that, electric power will assist the farmer 
materially in reducing his power costs. Electricity for agricul- 
ture is the infant member of the ‘“‘power farming” group and is 
just getting started. The number of farms having “high-line”’ 
electric service has approximately doubled since the first ex- 
perimental work in the world on rural electrification was started 
at Red Wing, Minn., in 1923. Over 300,000 farms in the United 
States had electric high-line service at the beginning of 1928. 
This number of electrified farms will probably more than double 
again in the next four years. 
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LarGE MacuineE Units ARE RapipLy CoMInG 


The use of large farm-machine units, driven by mechanical 
power, has been increasing very rapidly during the past two or 
three years. A recent letter from the Department of Commerce 
states: ‘““The large increases in the output of combines (harvester- 
threshers) and tractors in 1927 over previous years are indications 
of the trend of agriculture toward the abandonment of antiquated 
farm machinery and the adoption of more modern, labor-saving 
devices. The number of combines manufactured increased from 
5131 in 1925 to 11,760 in 1926 and to 18,307 in 1927, and the out- 











ENSILAGE CutTtTiInG Is ONE oF Many Joss SATISFACTORILY 
Done BY ELECTRICITY ON THE MODERN FARM 
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put of tractors increased from 167,553 in 1925 to 181,995 in 1926 
and to 200,504 in 1927.”’ 

If the present total crops of the United States could be produced 
under conditions where the average man-hours per unit of pro- 
duction were even twice those of efficient production with me- 
chanical power, less than one-half of our agricultural workers would 
be required in agriculture. In some states as much as 42 hours 
yearly is required per acre of grain raised, while with power 
farming and combines this can be reduced to less than 5 hours 
yearly. Corn in some states requires over 60 man-hours vearly per 
acre, while power-farming methods can reduce this to less than 
5 hours yearly per acre. 
labor involved in corn production. 
requires about 300 hours of man labor per acre of corn; whereas 
with a one-horse method, it requires about 100 hours of man labor; 
with two horses, 40 hours; with 4 horses, 15 hours; and with 5 
horses only about 9 hours. With the latest type of power-driven 
equipment, a heavy corn crop, far above the average, was produced 
at Iowa State College with 3.83 hours of man labor per acre 

When the average number of hours per acre of corn raised in a 
state like Iowa, with all of its modern machinery, is more than five 
times the average on some farms where power-farming methods 
are used intelligently, it points to the fact that farming conducted 
under wise direction and with the use of mechanical power can 


Some one has made a summary of the 
With one-man power, it 


reduce the cost of production to such a point that farming can 
be made a very lucrative business. Mr. Campbell, the ‘‘wheat 
king of America,” stated recently that he did not know of a single 
industry where a young man with proper engineering training 
could make bigger returns than by applying engineering to agri- 
culture on a large scale properly financed. Mr. Campbell, by 
applying engineering to wheat farming, produces wheat at 
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about one-third of the average cost of production in the wheat 
belt. 

Power in agriculture has many distinctive features. Its use 
is seasonal, much more so than for city industries. The load 
factor is very low. Data for 1924 show that only 16,000,000,000 
hp-hr. were developed by 47,420,000 hp., giving a load factor 
of less than 4 per cent. Even if we were to consider just the 
working day of 8 hours, we have a load factor for working hours 
of only 12 per cent. 

Farmers have not realized what fixed charges and overhead 
charges are. When agriculture is properly managed from an 
engineering standpoint, this load factor can be doubled and 
trebled and fixed charges for power reduced accordingly. Power 
and labor costs are the most important factors in the cost of 
agricultural products. Power and labor costs for the average 
farm amount to about 60 per cent of the cost of production, other 
fixed costs on land, etc., amount to about 20 per cent, and other 
operating costs, such as seeds, fertilizer, etc., to about 20 per cent. 
In some crops, power and labor costs amount to as much as 90 per 
cent of the cost of production. Does it not seem logical to attack 
the farm-relief problem at the point where there is the greatest 
opportunity for effecting a change? 


HELPING THE FARMER BY CuTTING Costs 


If power and labor costs can be reduced by 25 per cent, we shall 
not need to worry about helping agriculture with a revised tariff 
or a McNary-Haugen bill. These costs have been reduced more 
than 75 per cent on many farms. By the use of power we can 
reduce the man-hours in agriculture so that it will not take 2'/, 
hours of a farmer’s time to produce the same wealth as his city 
brother produces in 1 hr. 

With this Utopia of power farming that the author has painted 
for you in mind, you may expect to see agriculture lifted from its 
slough of despondency and stabilized, and to see our farm business 
advancing with strides comparable to the past performance of the 
automobile industry. This, however, we cannot predict. Ap- 
plying power to farming is a difficult task. Aman to doit must be 
a farmer in every sense of the word, a business executive, and an 
engineer. Farms with capital investments in many cases in 
excess of $50,000 are going to be necessary for proper success. 
The Red Wing farms on the experimental electric line have an 
average investment in excess of $30,000, and these are not average 
farms of the future. 

What percentage of our farmers do you think have developed 
sufficient business and financial ability so that you would trust 
them to run a $50,000 engineering and scientific enterprise for 
you? Is this condition, however, any different than in other 
infant industries? How many power-company executives did 
we have in this country capable of handling a $1,000,000 enter- 
prise in 1890? How many do we have today? Where did we 
get them? 

In the same way, men in agriculture must be developed to man- 
age this new type of farming which requires an engineering ex- 
ecutive. 

Until such farming executives are developed, small-time actors 
will try to play the big time and fail. Their failures will be 
thrown to the sky and paraded on high by the “I told you so” 
opponents of power farming. 

In spite of such failures and such opposition, real “big time” 
engineering farming executives are developing here and there in 
the United States. Manufacturers and inventors are daily de- 
veloping new and more efficient equipment for power farming, pub- 
lic utilities are spreading their rural electric lines like cobwebs over 
the country, and power farming is marching on in a way similar 
of the advance of power in other industries. With the agricul- 
tural engineer now getting out of his rompers and with the interest 
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of business executives in farming, if Congress delays agricultural 
relief through many more sessions we hope that more efficient 
production will put agriculture where it does not need relief, an 
apparently safer thing than relief by artificial controls and bar- 
riers set up by legislative enactment. Power will do for.agri- 
culture what it has done for other industries. 


Discussion 


SUPPLEMENTING his paper, Professor Stewart said that 

with all the new machinery developing so rapidly for the use 
of power, we could anticipate in the very near future that we were 
going to have more problems to solve in connection with agri- 
culture than the politicians were cognizant of at the present 
time. Surpluses of both farm labor and produce were going to 
be real problems in the future. We should have a very difficult 
surplus problem to handle because of the fact the minute wheat 
or corn farming was made more profitable, up would go the acre- 
age. Anything done to make farming more profitable would give 
us a very big crop surplus to handle. He was of the opinion that 
after all the best solution for agricultural relief was the applica- 
tion of power to farming, and the application of business manage- 
ment in farming and in this use of power. 

Many people in the past had said that the tractor had driven 
farmers into bankruptcy, and that if they had not bought so many 
tractors there would not have been so many bank failures and so 
many people losing their farms. That might be so, but it was 
no condemnation of power in farming. The use of the tractor 
simply demonstrated the ability of the average farmer to handle 
an engineering business proposition. Where would we get the 
men to do it? Just where the electrical industry got its men to 
handle thirty-, forty-, and fifty-million-dollar enterprises today 
they would have to be developed in the agricultural industry. 

Arnold P. Yerkes? said that we needed to get out of the Ameri- 
can farmer's head the notion that his class suffered because 
men in other industries prospered. He suffered when competi- 
tion got keen in his own industry, not when others were prospering. 
When the city industries suffered financially the American farmer 
suffered financially, too, because he had a poorer market. 

Production on a large scale was what was needed. That 
meant a large amount of power per worker. Both quantity and 
cost must be considered in farming as in any other business 
they were both important in the cost of production. This rela- 
tionship could perhaps best be shown by comparing results and 
the cost of a single operation where an adequate amount of powe1 
was employed. The first step in raising a crop was turning over 
the soil and getting a clean seed bed. The earliest method of 
doing this was man power, applied to a sharp stick, bone, or shell 
Taking man labor at $4 a day, it would cost $160 per acre to pre- 
pare a seed bed this way, and a man would have his hands full to 
take care of !/2acre. With a spade he could do '/, of an acre a day 
at a cost of $40, and could cover two acres in a year. With one 
horse he could plow an acre a day. Counting overhead, interest, 
depreciation, and labor, it would cost $6.50 an acre, and he could 
take care of 20 acres. With two horses he could plow four acres 
a day, at $3 an acre, including overhead, and could handle 80 
acres of crop a year. Put him on a 15-30 tractor and the cost 
would go down to $1.25, and he could farm 250 acres in a year. 

Thirty per cent of the farmers in America raised 80 per cent of 
the crops and livestock. If we could get American farmers as a 
class educated to use the power equipment which we had today 
and the machinery to go with it as efficiently as the best 10 per cent 
and release the remainder to other industries, a lot would be 
better off. 


LS 


2 Editor, Tractor Farming, Chicago, Ill. 
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CULTIVATING SPRING WHEAT Wirt a 70-FrT. Sprke-Toota Harrow 
Two of these 60-hp. tractors do all the field work on a 3000-acre wheat farm at Fife, Mont. 


Note the enclosed cab to protect the driver and the light: 


provided for night operation.) 


HEN engineers consider the problem to be solved by 

a farm machine, they think generally of a material of 

certain characteristics to be moved from one place 

to another or altered physically. This paper, however, will 

not attempt to go into the various methods employed by our 

modern farm machines to accomplish their tasks, but rather it 

will be devoted mostly to the factors sometimes overlooked 
when considering the engineering of agriculture. 

VaRIED ConpiTIONS IMPOSED BY AGRICULTURE 

First, the variables encountered in agriculture influence, to 

a marked degree, the design of farm machinery. 

the soil is far from a constant. 


For example, 
The draft of a plow may be six 
times as much in one soil as another. Again, the varying mois- 
ture content of the soil may determine whether it may be worked 
best with one type of tool or another. The abrasive qualities of 
the soil encountered very materially affect such matters as steel 
treatments, materials, and enclosures provided to keep the 
dust out of the bearings. Loose and fast stones in many eastern 
farming sections furnish a real problem to the designer of tillage 
machinery. The ability of the soil to provide traction varies 
greatly and makes necessary extensive studies of lug equipment 
for wheels, as well as wheel sizes and widths. It was the soft, 
vielding character of the peat and muck soils of the San Joaquin 
Delta which first prompted Benjamin Holt to develop the ‘“‘Cater- 
pillar” tractor. 

Variables in topography also present problems to the farm- 


machine designer. Combined harvesters to work satisfactorily 





1 Agricultural Engineer, Supervisor of Agricultural Sales, Cater- 
pillar Tractor Co. 

Contributed by the American Society of Agricultural Engineers 
and presented at the Summer Meeting, St. Paul-Minneapolis, 
Minn., August 27 to 30, 1928, of THe AMERICAN Society oF MeE- 
CHANICAL ENGINEERS, 29 West 39th Street, New York, N. Y. 
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on the steep hillsides must be provided with leveling devices; 
plows and other tillage tools are developed so as to be reversible, 
and special provision must be made to insure the stability of 
machines on hillsides. 

However, the variables of soil and topography may be con- 
sidered constants in the light of the changes imposed by the 
weather. Not only will rain cause the soil to vary in many of 
its characteristics but it will also materially alter the crop as 
it reacts to the work of harvesting or threshing machinery. 
Temperature and humidity variables also have their effect on 
machines. Variable winds have sometimes been the cause of 
failures or partial failures of such machines as broadcast seeders, 
spraying and dusting machinery, hay-drying equipment, and 
threshing machinery. 

However, in considering the profit derived from agriculture 
the greatest variable of all is the technical and managerial abil- 
ity of the farm operator. This is a subject concerning which 
much could be said. In studies made of profits from farming, 
numerous cases are discovered where adjacent farms with 
similar physical conditions have paid one owner a profit while 
his neighbor suffered a loss, the entire difference being thx 
ability of the operator. 

There is another variable in agriculture which may now 
present a problem, but it also offers one of the most unusual 
solutions ever offered to any industry. This is the variable of 
the plant or crop itself. Due largely to the difference in rain- 
fall, wheat grows with a short straw in many western states, 
while in the middle-western and eastern states it produces a rank, 
heavy straw. On many western farms the straw is a nuisance 
and its only function is to lift the head of the grain high enough 
above the ground so that the cutter bar can get underneath. 
In the East the grain straw is of economic value and it is desirable 
to save it for feed and bedding purposes. This is a variable which 
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the manufacturer of combined harvesters must take into consid- 
eration. The same may be said of cotton, which in western Texas 
is planted in the bottom of the lister furrow so as to get all 
the water available, while in the Mississippi delta it is planted 
on top of a bed or ridge so as to be out of the water. The western 
Texas cotton grows but a foot or two in height and the bolls 
may be left on the stem and harvested all at one time in the 
fall, while in the cotton sections to the east, the plant grows to 
considerable height and the cotton must be picked as soon as it 
matures. 

The unusual solution just mentioned has to do with the 

















PLANTING Firry Acres oF PEANUTS A Day WITH A 
Frve-Row PLANTER NEAR LEESBURG, GA. 


(Two men are here producing a 500-acre peanut crop.) 


Fig. 2 


vast possibilities which the plant breeder can exercise in changing 
the physical characteristics of the plant so as to enable a more 
effective use of machinery. For example, there is the develop- 
ment of yolo, a type of grain sorghum grown in California. 
The varieties of milo and Egyptian corn available up to 1920 did 
not produce their grain in a fashion uniform enough for machine 
harvesting. By a process of hybridization and selection there 
was developed a grain which grew to a uniform height and held 
its head erect. This made possible the use of a wide variety of 
machines in the harvesting of the crop. In other words, in 
agriculture it may be possible to change the characteristics of 
the plant material worked on to accommodate it to the machine. 
This may be compared to the possibility of changing the character 
of steel so that it will be plastic while cold and yet be capable 
of hardening without heat. 


Economic Factors INFLUENCING FarM MACHINERY 


Economic considerations enter very strongly into the design 
of farm equipment. For example, the load factor, that is, 
the percentage of annual full-load use of all power units employed 
on farms in the United States, is about 4!/2 per cent.2, Manu- 
facturing industries enjoy a load factor of over 14 per cent. 
Were this efficiency possible in agriculture, the present fifty 
million primary horsepower could be reduced to less than twenty 
million. Some well-managed electric utilities are now securing 
load factors of over 50 to 60 per cent. 

One of the big problems in agriculture, which has been largely 
complicated by the emphasis placed on the value of crop diver- 
sification, is the large variety of machines needed to produce 
efficiently several crops on one farm and the relatively small 
amount of annual use of each machine. For example, on the 
average corn-belt farm, the corn binder is used less than fifty 
hours a year; and the grain binder, which was developed to 





? Calculated from data in U.S.D.A. Bulletin No. 1348, 
Appraisal of Power Used on Farms in the United States.”’ 
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displace the tremendous amounts of hand labor involved in 
cutting and binding grain, is often used but four or five days 
a year. It is therefore easy to see why farm machines are 
not built with the best type of bearings or with materials 
which will resist unusual shocks and wear. Well-meaning au- 
thors have written articles which point out that a lathe in a 
machine shop will operate with but little mechanical attention 
for periods of five to ten thousand hours, while some farm ma- 
chines will be worn out in five hundred hours. At that, the farm 
machine very likely serves more years than the lathe. The 
raising of the load factor of its equipment is one of the real 
problems facing agriculture. The large farm may be the solution. 

Another economic consideration is that of quality in farm prod- 
ucts. For example, hay of the highest quality may sell for $10 
per ton more than hay of the next lower grade. Many people, 
in studying the handling of hay, consider it just so much material 
to be moved or lifted. However, a close study of this problem 
will show that minor changes in the methods employed and the 
time of their employment are vital factors in producing quality 
There may be an even greater premium placed on 
quality as a greater industrial utilization of farm products de- 


products. 


velops. 

An economic factor which enters into the quality of the con- 
struction of the farm machine is the value of time, or, in other 
words, the necessity for performing certain operations without 
For example, the spraying of fruit trees for the con- 
trol of certain plant diseases or animal pests will frequently be 
of no value if delayed for as much as one or two days. Hence 
the farmer will be more justified in paying for high-quality con- 
struction in a spraying machine than in some other piece of 


delays. 














IN THE SAN 


Tacus Ranca 
JOAQUIN VALLEY, CALIF. 

(Three operations are being accomplished; furrowing with a lister; level 
ing and shaping the bed with a specially constructed float which smooths 
and shapes the sides of the furrows; and planting six rows at the rate of 20 
acres a day.) 


Fig. 3 PLANTING SPINACH ON THE 


equipment where the timeliness of the operation is of much less 
importance 


Some Recent DEVELOPMENTS IN FARM MACHINERY 


It is not possible in this paper to describe or even to mention 
all of the recent developments in mechanical farm equipment. 
In tillage machinery the one-way disk has rapidly covered the 
wheat belt and is finding new markets in the East. A new 
type of rotary tiller or soil pulverizer is being perfected and 
put on the market. The rotary hoe has been revived to meet 
the cultivating needs of the producer of soy beans and corn. 
There is a general abandoning of the idea of the mulch to con- 
serve moisture and more attention is now given to weed control, 
especially in preparing better seed beds and weed eradication 
immediately after planting while the crop is small. 

The control of the corn borer has been due largely to the 
universal employment of new types of farm machines, such as 
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wide bottom plows, stubble pulverizers, low-cutting corn binders, 
and field burners. 

Much attention is now being devoted to artificial drying of hay 
and grain. There are great possibilities in this field for im- 
proving the quality of hay and the dependability of the crop, 
and for extending the hay-producing areas. 


shock 


combined-harvester develop- 


The windrowing attachment and the windrow and 


pick-up attachments are recent 
ments which will allow the use of this great labor-saving ma- 
chine in practically all grain-growing sections. 

The mechanical cotton picker is now being used in the South 
where, with almost uncanny accuracy, it passes through the 
cotton rows, removing the ripe cotton from the boll and leaving 
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ing season, and is adopting machine methods of production. 
Near Leesburg, Ga., a 500-acre field of peanuts has been handled 
entirely up to harvest by two men and a tractor; the work 
including the initial tillage, weeding, planting, and cultivating 
five rows at a time, and later the same equipment will be used 
to dig the peanuts. Several new methods of harvesting will 
This work is being supervised by J. I. Davis, the 
county agricultural agent, with headquarters at Albany, Ga. 


be tried out. 


PRESENT TREND OF DEVELOPMENT IN FARM MACHINERY 


It is quite evident that until the last few years the motive 
behind the development of farm machinery was to save labor. 
In fact, modern farm machinery is usually spoken of as “‘labor- 











Fig. 4 





A 30-Hp. TRacTOR AND A COMBINATION OF HEAVY SMOOTHING FLOATS AND 4 Two-Row PLANTERS LEVEL THE SEED BED AND 


PLANT GRAIN SORGHUM AT THE RATE OF 9 ACRES PER Hour 


(The tractor and operator are here replacing 12 horses and 6 men 


unharmed the green or unopened bolls, the flowers, and the 
leaves. 

A successful sugar-cane harvester has been the object of the 
N. C. Storey, of the 
Southern Sugar Company, Clewiston, Fla., has recently developed 


expenditure of much time and money. 


a machine which promises a mechanical solution to this prob- 
lem of cutting, stripping, and topping cane. 

There is also a decided tendency toward the combining of 
several farm operations into one. This is mainly due to the 
change from the horse to the tractor, where the tractor has ample 
power to pull several tillage tools or combine them with planting 
operations. Plows and harrows are being attached to harvest- 
ing machines so as to kill the weeds immediately after the harvest 
and thus conserve moisture for the next crop. General-purpose 
tractors designed to plant and cultivate two, three, and four 
rows at a time are now on the market. Potato diggers are built 
to dig two rows at a time, their mechanism being operated through 
a power take-off from the tractor engine. The South is beginning 


to realize her many natural advantages of soil, moisture, and grow- 


Lighting equipment doubles the usefulness of the tractor.) 


farm machinery. Tillage tools for use with animals 
were developed first, thus relieving the early farmer of the 
task requiring the most in physical exertion. Later, harvesting 
machinery was developed and, after that, planting machinery. 
The present trend in farm machinery, however, is somewhat 
away from the labor-saving factor and is beginning to consider 
profit-making possibilities. In other words, present machines 
must answer the question—Does it do the work cheaper for the 
same quality, or does it produce a better quality at the same 
As an example of this new method of approach we have 
potato pickers which are attached behind a digger. Men riding 
on these pickers remove stones, clods, and other foreign material, 
while a man riding on the rear of the machine aids in the sacking 
operation. Here, as in other types of new machines, the man 
is used in places where judgment is required, while the machine 
relieves him of transporting himself or the product and removes 
from him, as far as possible, all unnecessary effort. 

Farmers are today trying new methods as never before in the 
history of agriculture. This is largely due to the combined re- 


saving”’ 


cost? 














762 


sult of the educational work conducted so effectively by state 
and federal agricultural extension workers and the well-directed 
farm press. The continuous airing of the ‘farm problem” by 
politicians is tending also to make the farming industry realize 
that something should be done, and it is quite evident that it will 








Kituine Smatt WeEEps IN AN Iowa CORNFIELD WITH A 


TRACTOR AND THREE Rotary Hoes 
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specialist in crop and animal production, disease control, manage- 
ment of power and machinery, and marketing. 

The agricultural colleges are adding annually to this group 
of trained men; but the average farm of today does not offer 
a sufficient inducement to these graduates as compared to other 
outlets for their abilities. 

The immigration policy, which keeps out of the country large 
numbers of people who would be content to use hand equipment 
in agricultural production, is making necessary the use of ma- 
chines for multiplying the effort of one man. 

This country does not labor under a caste or peonage system 
in which farm laborers are considered inferior to the professional 
man or manufacturer. Here agriculture is a respected occu- 
pation, and there is nothing to prevent its developing further as a 
great industry with able management and well-paid workers. 

Our tariff policy is clearly one of protecting our own indus- 
tries, and it seems very probable that some way will be found 
to apply this principle to agricultural production. 

One of the present problems of agriculture is that of paying 
too much for credit. In general, money at comparatively low 
interest rates is available in this country for safe investments. 
If the present high credit charges are justified, how can the 
risk be removed so that agriculture may enjoy low money rates 
comparable to other industries? 





be largely up to the farmer to 
The rapid increase in the 
use of the combined harvester 
east of the Rockies is an example 
of the present tendency to adopt 
new methods quickly. Thirty 
years ago thousands of eastern 
wheat farmers knew of the suc- 
cessful use of the combine on 


alo it. 


the Pacific Coast. The belief 
that it would not handle the 
grain produced under more 


humid conditions, together with 
the reluctance to change methods 
prevented, for many years, the 
introduction of this most profit- 
able machine. 

Because of this increased confi- 
dence in new methods it is most 
important that designers of farm 
machines acquaint 
with all of the requirements that 
the machine must meet. 

There is need for more basic 
data on which to base the design 
of machinery. This is particu- 
larly true of tillage machinery. 
State and federal agricultural 
experimental stations now have 
under way many projects, which, 
when completed, will furnish 
valuable data and information to 
the designer of farm machines. 

It is always somewhat dangerous to make predictions, partic- 
ularly in writing, for they have a habit of bobbing up in later 
years. However, there are certain conditions existing today 
which are bound to influence the character of farming and thus 
the character of mechanical farm equipment. 

The complication of the problems facing agriculture is in- 
creasing very rapidly. It is quite evident that trained manage- 


themselves 


Fic. 6 


ment pays in agriculture and that there is now need for the 














A 2-Ton Tractor Putting a Heavy OrcHarp-SprayinG Ovutrit In A PENNSYLVANIA 


ORCHARD 


(The pump on the spraying outfit is operated by the tractor engine through a power take-off.) 


There is also being gradually developed here and there the 
partial manufacturing of agricultural products on the farm. 
In some ways this will help utilize existing power and machinery 
equipment and thus raise the load factor. It will offer much 
more continuous employment for labor and thus tend to do 
away with the seasonal nature of some agricultural employment. 
One of the major problems in connection with manufacturing 
on the farm is the matter of standardization of the product so 
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that it may be marketed or util- 
ized by urban industries for com- 
pleting the manufacturing proc- 
ess 

Studies made recently tend to 
shiow that in spite of a decreasing 
farm population there is a con- 
siderable increase in the amount 
of crops produced; thus it would 
seem that by producing a sur- 
plus and thus lowering prices, 
agriculture is suffering from its 
own efficiency. 

A peculiar paradox existing 
today is that as the nation be- 
comes more prosperous less food 
is actually consumed. The ma- 
chine has relieved us from being 
the producers of energy; we are 
now the directors of power; it 
takes less meat and potatoes 
to handle the throttle than the 
pickax and shovel. 

One of the bright spots in this 
situation, however, is the rapid 
tendency to develop “non- 
stomach”’ uses for agricultural 
products; i.e., such materials as 
wallboard from sugar-cane 
bagasse or corn stalks; rayon 
from cellulose derived from a w 


oils from soy beans, used in the manufacture of paints and — synthetic 
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ride variety of plant materials; varnishes. In the experimental laboratory a large number of 
products have been made from corn cobs and corn 
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Tur Winprow ATTACHMENT, A RECENT DEVELOPMENT IN GRAIN HARVESTING 


e cut and dried before separating, or where very large acreages are to be handled, this system is solving the prob- 
Later a combine equipped with a pick-up feeder attachment will finish the job.) 
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stalks which tend to point the way toward future economic de- 
velopments. 

Mechanical farm equipment itself has undergone marked 
changes in recent years. The tractor has become a dependable 
economical source of energy, and farm machines, well adapted 
to tractor operation, are increasing in number each year. The 
tools for a different agriculture are being developed today. 

Many people will say that the factors which have been mentioned 
point the way toward corporation or large farming. However, 
a study of the census will show that there is also a large in- 
crease in the number of very small farms. Many of these are 
located near cities and are mainly the residences of city workers 
who desire to live in rural surroundings. Other small farms are 
used to produce crops which pay a large return for more in- 
tensive cultivation. Another reason for these small farms is 














Fie.9 AN EFFICIENT COMBINATION AT WoRK NEAR AUBURN, ALA. 


(Oats are being cut and bound, cow peas broadcast on the stubble, and 
then the stubble land plowed with a one-way disk. Two men and a tractor 
do all this with no delay between crops; saving time and labor.) 


the enthusiastic real estate man who secures a parcel of land 
near a city and divides it up into five- and ten-acre farms, adver- 
tising vigorously the advantages of rural life and its attendant 
freedom. Many of these small farmers have learned differently. 
There is even now beginning to be evident a lessening in the 
number of middle-sized farms. 

The author’s purpose in presenting these factors, which are 
bound to influence the development of agricultural machinery, is 
not to prove a prediction, but rather to allow the reader to predict 
for himself. If the large farm does prove to be the way out, then 
farm machinery will undoubtedly undergo many changes. With 
better load factors, many machines may be built of higher quality 
and in larger sizes. Added impetus will be given to the changing 
of the character of farm crops so they may be more economically 
handled by machines. It should be possible to determine the 
relative value of all crops capable of production in the United 
States on the basis of their use for food, shelter, or clothing for 
domestic as well as export consumption. Each of these crops 
could be studied from the standpoint of production by modern 
American machinery methods. If it were clearly shown that 
hand cultural methods were absolutely necessary for the pro- 
duction of a certain crop, then why should not this crop be 
raised by the nation which uses hands rather than heads? 
We could then exchange for it crops produced here, or go without 
or produce a synthetic substitute. After all, does not this 
problem reduce itself to the producing of more units of food, 
shelter, or clothing at a lower expenditure of labor and money 
so that an ample profit may be returned to the manufacturer 
—that is, the farmer? 
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Discussion 


O THE discussion which followed the presentation of the 

paper, E. M. Mervine? and William Boss‘ contributed. Pro- 
fessor Mervine spoke of the present trend in the development of 
farm machinery. This, he said, was illustrated by the tiller plow 
which in one operation did work similar to that accomplished in 
the four operations of disking, plowing, disking a second time, 
and pulverizing. The tendency in the past had been to build a 
machine which was an adaptation of hand- or horse-power 
methods so it was natural for plowing and disking to have been 
distinct operations. The combining of the two operations, at 
the same time cutting down the power requirements of each 
operation, was very significant, he said. 

He pointed out that the horsepower rating of tractors had al- 
ways indicated that only one-half of the power was available in 
pulling a field machine. At the same time all of the internal 
mechanism of the driven machine had been operated from its bull 
wheel, a method of power transmission quite necessary with the 
horse-drawn machine but always a source of considerable trouble 
and inefficiency. The present ‘power take-off’ connection to 
tractors was one of the signs of the times. 

The history of the development of grain harvesting, he said, 
from the sickle to the present binder and threshing machine, was 
most interesting. The almost human ability of the binder to go 
for an entire day without missing the tying of a single grain 
bundle was to be wondered at. A satisfactory way of describing 
the operation of this mechanism was to show just how nearly 
human it was in its operation. Likewise a satisfactory way of 
indicating the amount of labor saved by the threshing machine 
was to compare its operation to the same operation as performed 
by the operator of the flail. 
said, the straw racks separated the long straw in much the same 


After the grain was threshed, he 


manner as the early thresherman raked the long straw from the 
pile on the barn floor, and just as the grain was formerly thrown 
into the air to separate the good grain from the chaff, so the 
modern thresher used the wind blast for separation. 

Another illustration of the trend of development in machinery 
was the acceptance of the combine by the middle-western farmer 
The combine illustrated not merely the desire to use labor-saving 
machinery, but it put this agricultural operation on more nearly 
the same basis as that of some of the other large industries, i.e 
one in which the variable-weather problem was less of a con- 
trolling factor. A better illustration of the trend of modern 
methods to eliminate the variable-weather problem was to be 
found in the equipment for artificially drying crops. 

In conelusion, he said that in the early days tae farmer and his 
local blacksmith built the first machines and were responsible for 
many of the developments. Now, the manufacturer of farm 
implements must have a design department thinking beyond 
the adaptation of hand or horse methods. It must be thinking 
of industrializing agriculture by methods an1 machinery that 
might appear revolutionary, but which in reality were just good 
up-to-date engineering methods. 

Professor Boss, who acted as chairman of the session, said that 
if the combine could not be used in Minnesota, as some had said, 
it would probably be necessary to give up raising grain on account 
of competition with states where the combine could be used. He 
spoke of the work of the agricultural engineer, whose place on the 
farm had been demonstrated. 

Engineering, Iowa State College, 


3 Professor of Agricultural 


Ames, Iowa. 

4 Professor of Agricultural Engineering and Chief of Division, 
University of Minnesota, University of Minnesota, University Farm, 
St. Paul, Minn., and President, American Society of Agricultural 
Engineers. 











By H. A. 


P TO 1890 water power was used largely in the textile, mill- 
ing and paper industries. The prime movers consisted 

of single or multiple runners on both vertical and hori- 
zontal shafts, with geared or belted drives to the machinery to 
be operated. The head developed at the power site was usually 
less than 100 ft. and the maximum output of a unit rarely ex- 
At about this time the first 
steps were being taken in the development of machinery for the 


generation, 


ceeded a few thousand horsepower. 


transmission, and use of electric power, which 
machinery has made possible the successful and economical dis- 
tribution of the power and energy from water-power sites to 


markets many miles distant. 


IMPROVEMENTS IN Dam CONSTRUCTION 


The progress in hydroelectric development has been particu- 
larly rapid during the past 25 years. Successful methods have been 
devised for collecting and analyzing stream-flow data and de- 
termining the resulting power and energy. Hydraulic struc- 
The 
detail design of dams and their appurtenances shows marked 
improvement. 


tures are designed and constructed more economically. 


Considerable attention has been given to drain- 
age systems for dams to reduce the internal water pressure or 
uplift on the foundation which results from seepage through 
or under the structure. The effects of temperature changes 
within the dam have been investigated with beneficial results. 
More care is used in preparing construction joints in the attempt 
to secure the best possible bond between adjacent sections of 
concrete. 

Extensive experiments have also been made with the materials 
of construction, with the result that concrete, both plain and 
reinforced, is generally used in dam construction. 

In overflow dams the spillway shape throughout its length 
has been improved by model tests, resulting in greater discharge 
capacity and the elimination of damaging erosion close to the 
downstream toe. 

In addition to the plain gravity reservoir or spillway type, 
notable progress has been made in the design and construction 
of large arch and rockfill dams. The experiments being made 
in California with a thin-section arch dam 60 ft. high and of 
100 ft. radius indicate promising results. 

Important advances are being made in the design and con- 
struction of auxiliary structures for dams, such as siphon spill- 
ways, control gates, flashboards, and other movable or automatic 
crests. 

Earth embankments joining the ends of spillway masonry 
dams are being constructed more and more where conditions 
are favorable and suitable material is available. 

Waterways, including both open channels and pipe lines, are 
how more economical from the hydraulic and structural stand- 
point. 


THE TREND IN HyDROELECTRIC MACHINERY 


Hydroelectric machinery is less complicated and more effi- 
cient. The capacity of single main water-wheel units has in- 


creased from 5500 hp. to over 70,000 hp., while the efficiency 


‘Chief Hydraulic Engineer, Stone & Webster, Inc. 
Presented at the Mid-West Power Conference, Chicago, IIL, 


February 14 to 17, 1928. 


Progress and Trend in Hydraulic-Power 
Development 
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has been raised from approximately 80 per cent to 94 per cent. 
Today the modern reaction hydroelectric unit is of the single- 
runner, vertical-shaft type, with generator mounted above and 
direct-connected to the water wheel. 

This type of unit, especially for large capacities, predomi- 
nates on account of its fewer parts, simpler construction, lower 
cost, and higher efficiency, as compared with the horizontal 
unit of the same head and power. 

For heads up to approximately 50 ft. the propeller-type runner 
is fast displacing the Francis wheel. This runner, while some- 
what less efficient than the Francis, operates at approximately 
50 per cent higher speed and is somewhat cheaper; the largest 
saving, however, is from the decrease in size of generator and 
power house. 

Impulse wheels for main units are invariably used for heads 
of more than 1000 ft. Larger-capacity units are usually of the 
two-bearing, overhung runner being 
mounted on each end of a single horizontal shaft, with the gener- 


two-runner, type, one 


ator between the runners and the supporting bearings. Impulse- 
wheel units of the general design described and of 40,000 hp. 
capacity are in commercial service, and units of 56,000 hp. de- 
signed for 2500 ft. head are now being constructed. Vertical- 
shaft impulse wheels are uncommon but not impractical. 

More knowledge is available on the characteristics of pipe 
lines, surge tanks, and transmission systems. 

The operation of the power plant has kept pace with the gen- 
eral advancement. More attention is given to scientific methods 
for using pondage and storage. Regular inspection and mainte- 
nance schedules are followed, with the result that greater util- 
ization of the energy from the stream is now obtained at less 


cost. 


DEVELOPMENT OF WATER POWERS 


United States leads the civilized 
countries of the world in developed water power. It is estimated 
that our potential water power, available 90 per cent of the time, 
is approximately 35,000,000 hp., of which the present capacity 
developed is a little more than 10,000,000 hp. Of the undevel- 
oped power some may never become economically available on 
account of restricted use of the stream flow, lack of market, 
prohibitive development cost, or other reasons. 


Statistics show that the 


Water-power developments are generally classed as low-, 
medium-, and high-head plants. The first classification may in- 
clude plants up to 100 ft. head, the second to 500 ft. head, and the 
third all heads above this last figure. 

Developed water powers are operated as isolated plants or in 
parallel with other prime movers. It is readily apparent that 
the isolated water-power plant can furnish continuous power 
only up to the amount produced by the wheels from the low 
or prime flow of the stream, and the amount of this capacity 
is dependent on the load factor of the system and the pondage 
available. 

Contracts for prime hydroelectric power should not be nego- 
tiated beyond the power available from the minimum flows, 
except to the extent that the diversity of the load permits, as 
any power in excess of this amount necessitates relay power 
from some other source. 

Isolated power plants as described are common for certain 
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industrial plants, but are limited to supplying power up to their 
installed capacity from the regulated or unregulated flow of 
the stream, often necessitating a curtailment of the load below 
the full capacity of the plant. 

In some instances when the stream flow is large and uniform, 
it may be that the prime power available cannot be completely de- 
veloped, because of navigation, scenic, irrigation, or other require- 
ments, with the result that power is available up to the plant 
capacity at any system load factor and can be used for industrial 
and public-service needs. The power plants at Niagara Falls 
and vicinity, and the large developed and undeveloped power 
sites on the St. Lawrence River, are examples of this class. 

There are many examples of developed water powers operating 
in parallel with other prime movers, thereby utilizing the primary 
as well as large blocks of secondary power and energy in the 
system which they supply. Notable developments of this kind 
are in operation, as at Keokuk, Iowa, Big Creek and Pit River, 
California, Holtwood, Pennsylvania, and Bartlett’s Ferry, 
The hydroelectric development now under construc- 
tion on the Susquehanna River at Conowingo, Maryland, is 
also of this type. 


Georgia. 


The Conowingo power site if developed to supply power and 
energy as an isolated plant would be uneconomical. The prime 
power of the Susquehanna River at this location under an average 
annual load factor of 50 per cent would be about 55,000 kw., 
but when the proposed plant is operated in conjunction with the 
Philadelphia Electric Company’s system, as now planned, the 
initial installation of seven 40,000-kva. units will replace approxi- 
mately 190,000 kw. of steam capacity and will economically 
deliver to the system at Philadelphia about 1,280,000,000 kw- 
hr. in the average year, over a transmission line approximately 
70 miles long. It is estimated that this enormous amount of 
energy will conserve about 750,000 tons of coal annually. 

A new method which is becoming popular for utilizing the 
wasted energy at inaccessible power sites on small streams, 
where the capacity is such that their development would be 
uneconomical if a regular operating force were required, is the 
electrically controlled automatic station. This type of station 
is usually electrically connected to and controlled from a distant 
central station employing the operating force. It may be fully 
or partially automatic, depending upon flow conditions of the 
stream and the service required. Reliable devices to control 
the operation of the hydroelectric machinery in automatic sta- 
tions have been developed to such an extent that this type of 
station is entirely practicable. 

Automatic hydroelectric stations containing one or more 
units having capacities up to several thousand kilowatts are in 
satisfactory commercial operation. 

It is customary to think of a water power as utilizing only 
the fall of a stream, but at present there is considerable discussion 
concerning the development of hydroelectric power from the 
tides of the ocean. There is no doubt that in some locations 
where the rise and fall of the tides is great, large blocks of prime 
power can be developed. Whether projects of this kind can be 
successfully carried out will depend on the cost of the energy 
as produced and delivered to points of use, as compared with the 
equivalent energy obtained from some other source. 


OUTLOOK FOR FURTHER PROGRESS 


The outlook for further progress in water-power development 
is most promising. The advantages of electricity are well known 
and its greater use will have an important bearing on the advance- 
ment of civilization. Our natural fuel resources, while still of 
large proportions, are not renewable, and even though they are not 
wasted their use decreases the supply available to the future. 
This is not so with water power. The flow of water from the 


. 
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land to the sea is an ever-recurring cycle. Its power is ever 
present. 

The fact that approximately 70 per cent of this country’s 
available water power is not being used emphasizes the need of 
intensive effort to obtain greater utilization of this great national 
resource. 

The trend is toward greater economy in all phases of the art. 
Additional storage reservoirs on some of our streams would 
conserve the high flows and lessen or eliminate the flood menace 
They would also materially increase the primary power and bene- 
fit navigation during the low-flow periods. 

During the recent New England flood the benefit of storage 
developments was clearly shown in the Deerfield River in Ver- 
mont and Massachusetts. The peak of the storm, which amounted 
to 9 in. in 24 hours at Somerset, Vt., passed over this watershed 
without causing any flood damage, while all adjacent river valleys 
without adequate storage facilities suffered seriously. 

The design of hydraulic structures is constantly being improved 
Water-wheel 

Runner 
Greater- 


and construction methods are more economical. 
machinery has reached a highly dependable stage. 
efficiencies will undoubtedly be higher in the future. 
capacity wheels will be built when the necessity arises, the limi- 
tation being dependent on the physical dimensions of the parts 
to be constructed and transported. 

The propeller wheel probably presents more opportunities 
for improvement than the other types. We 
things from this runner in the future. 

Hydraulic engineers continue valuable research work with 
model tests of hydraulic structures and water wheels, which 
contribute to lower construction costs and higher overall effi- 


expect greater 


ciencies. 

The automatic hydroelectric station has made considerable 
progress. Its possibilities for expansion are very favorable. 
The redevelopment of antiquated water-power plants will con- 
tinue, as usually by such redevelopment greater output results 
at low cost. 

The power needs of our industries and public utilities are 
ever increasing. The requirements will be met by further power 
development and by combinations and interconnections of both 
hydro- and steam-power systems. Such 
interconnections will result in greater economy and flexibility 
in management and operation, and will eventually lead to the 
complete realization of the idea of the superpower system. 

With the increased merging of power companies there will 
be a tendency to create more Federal and state regulatory boards. 
Herein lies an important problem which must be solved satis- 
factorily if new power development is to be encouraged. 


combinations and 


If we may judge the future progress of water-power develop- 
ment by the work done in the past years, there can be no doubt 
that we will continue to improve our existing hydroelectric plants, 
and also construct new developments at those of our unused 
power sites that can be econom’cally utilized. 


A Large Electromagnet 


froR special research in physics, in particular, structural 

matter and the like, where instense magnetic fields are de- 
sired, an electromagnet of unusual size has been built for the 
French Academy of Scienes and installed at the National Office 
of Scientific and Industrial Research and Invention at Bellevue. 
The electromagnet takes 400 amperes at 240 volts and has in 
the neighborhood of 500,000 ampere-turns. This makes it one 
of the largest electromagnets ever built for purposes of scientific 
research. The original article gives the details of electrical 
design. (Lé Génie Civil, vol. 93, no. 4, July 28, 1928, pp. 91 
93, 4 figs.) 


Progress in Central-Station Use of Pulverized 
Coal 


Summary of Experiences at Cahokia From Standpoints of Performance and of Dollar Value 


SY 


By E. H 


URING the 


improvement 


past eight vears there has been a_ rapid 
in the design of pulverized-fuel equip- 
ment, and a great amount of knowledge has been gained 
it. worked 


preparation and of burner and furnace design for a wide variety 


concerning Having out the major problems of 
of coals, we are now in a much better position to give the eco- 


The diffi- 
culty in obtaining reliable cost data and the general reluctance 


nomic phases of the development greater attention. 


to release unproved figures are probably accountable for the fact 
that many of the data given out up to this time have stressed 
technical rather than cost problems. This paper, although it 
contains many data that have already been published, is an at- 
tempt to assemble the experiences of powdered-coal develop- 
ment of the St. Louis central stations in a way to show their actual 
meaning from the standpoints of both performance and of dollar 
value 

The earliest central-station installations were designed and 
made largely on the knowledge and experience obtained in the 
industry. The 
station operation, however, involving dependability of equip- 


cement problems incident to central-power- 
ment and absolute minimum of outages, have been very different 
from those encountered in the cement industry, and have caused 
us to concentrate upon the technical aspects of the various 
operating difficulties as they have come up. It has been only re- 
cently then that we have been able to concentrate on the eco- 
nomic phases. 

The Cahokia station of the Union Electric Light & Power Co., 
St. Louis, Mo., was the second central station in this country 
designed for pulverized coal, and in the three sections built con- 
secutively over a period of six years most of the major develop- 
ments in pulverized coal are represented. These developments 
have been along the following general lines: 


(1) Power consumption of mills 
(2) Wear on mill parts 
3) Drying equipment; its simplification or elimination 
$) Coal-transport equipment; reduction in wear on it, or its 


elimination by unit mills 
5) General improvements in combustion by control of fineness 
of grind; by burner and furnace design; by preheated air 


6) Furnace-refractory erosion; its reduction by use of water 
walls 

(7) Slag and its elimination by various means 

(8) Increase in heat liberation per cubic foot of furnace volume 
leading to high ratings by use of water walls, greater tur- 
bulence, and preheated air 

9) Simplifying the disposal of ash 

10) General combination of the above improvements leading 


to adaptation of pulverized-fuel systems to districts 
offering coals of widely varying characteristics, and to 
markets offering very poor or ‘‘distress’’ coal. 


Reference to Table 1 indicates the nature of the evolution of 
equipment with which our application to these problems has 


1 Chief Engineer, Power Plants, Union Electric Light and Power 
Co. Mem. A.S.M.E. 

Presented at the Second National Meeting of the A.S.M.E. 
Division, Cleveland, Ohio, September 17 to 20, 1928. 
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(1) 
of four refractory-lined furnaces served by 6-ton mills in a storage 


been concerned. The initial installation in 1922 consisted 
and data con- 
cerning it are to be found in Table 1 under “Boiler No. 3.” (2) 
The next development was in 1924 when boiler No. 11 was in- 
stalled with fin-tube side walls, and mills of 15 tons capacity were 
The general furnace ar- 
rangement, however, was very similar, except as noted in Table 
(3) The next development was in boiler No. 14 
in which the side walls are water cooled, with plain bare tubes 
(4) Then followed boiler No. 13 
with fin-tube side walls and air preheaters. (5) Finally boiler 
No. 17 was equipped with complete water-cooled walls and air 
preheaters, and was served by direct-fired mills and horizontal 
burners. 


system. This furnace design is shown in Fig. 1, 


used in the coal-preparation plant. 
l and Fig. 2. 


recessed into refractory. 


The discussion of the various phases of these developments 
will include: (1) maintenance, (2) operation, (3) fixed charges 
on invested expenditures, and (4) capacity and outage for re- 
pairs. It is realized that cost and performance records on sepa- 
rate parts of station equipment are difficult to obtain with exact- 
By taking yearly averages, however, and by checking 
a summation of individual costs against accounting records, a 
degree of accuracy sufficient for comparison is assured. The data 
given in Table 1 are for the vear 1927, and therefore represent 
performance on the early type of equipment after some operating 
knowledge had been developed. The comparison thus shows the 
differences inherent in the design and is not simply a record of 


ness. 


progress from year to year in operation. 
FUEL AND GENERAL BoILeER-PLANT DESIGN 


The grade of fuel on which the plant is operated is shown in 
the following three analyses which cover the two grades used 
and an average for the year 1927: 


Illinois 

(Jackson West Average, 

County) Kentucky 1927 
Moisture 10.8 Dry 7.8 Dry 8.6 Dry 
Volatile 33.4 37.4 34.3 37.2 34.1 37.3 
Fixed carbon 10.7 45.7 46.4 50.3 44.9 49.1 
Ash ‘ 18.1 16.9 11.5 2.5 12.4 13.6 
B.t.u. as rec'd 10,700 11,640 11,394 


In burning qualities, the two fuels are similar, both having an 
ash-fusion temperature of about 2000 deg. fahr. The com- 
position and quantity of the ash differ, however, and the West 
Kentucky coal can be burned with less excess air (except as here- 
after noted) because of a lesser tendency to slag. In prepara- 
tion the West Kentucky coal requires about 14 per cent greater 
power consumption and causes 16 per cent greater wear on the 
grinding parts. 

The plant has been built in sections of eight 1801-hp. boilers. 
Two of these sections are complete and the third has three 
boilers in operation. The general arrangement is substantially 
the same for the first two sections, with sixteen 1801-hp. boilers 
fired from a storage system of pulverized coal. The preparation 
plant consists of waste-heat coal driers utilizing diluted flue 
gases as a drying medium. Roller or ball pulverizing mills and 










TABLE 1 
Boiler No. 

Date, initial operation 

Boiler horsepower. 

Fuel firing, om erized coal 

Burners..... : *- 

Air heater, sq “ft. 

Side walls, sq. ft. 








tubes and tube spacing, c. toc 







Front wall, sq. ft. tubes and tube spacing, c. toc 







Rear wall, sq. ft. tubes and tube spacing, c. toc 






Slag screen, sq. ft. tubes and tube spacing, c. toc 






Hopper bottom, sq. ft. tubes and tube spacing, c. toc 






Total water-screen surface, 
Fraction cold 

Furnace volume, cu. ft. 
Furnace volume, cu. ft. per rated hp 
Distance arch to slag screen, ft. 
Width of furnace top, ft 
Width of furnace bottom, 





om, 8... 









ft. 




















Rating for best efficiency, per cent 

Efficiency, per cent ceucae 

CO: top 3rd pass, per cent we 

Total steam temp., deg. fahr. 

Heat liberation, B.t.u. per cu, ft. per hr 
200 per cent rating 

Efficiency, per cent........... 

CO: top 3rd pass, per cent... 

Total steam temp., deg. fahr..... 

Heat liberation, B.t.u. per cu. ft. per hr 
250 per cent rating 

Efficiency, per cent 

CO: top 3rd pass, per cent ‘ 

Total steam temp., deg. fahr.. : 

Heat liberation, B.t.u. per cu. ft. per hr 
340 per cent rating 

Efficiency, per cent 

CO: top 3rd pass, per cent. 

Total steam temp., deg. fahr..... 

Heat liberation, B.t.u. per cu. ft. per hr 
380 per cent rating 

Efficiency, per cemt.......0.000. 

COs: top 3rd pass, per cent ehiea 

Total steam temp., deg. fahr..... 

Heat liberation, B.t.u. per cu. ft. per hr. 





Average operating rating, per cent... 
Operating efficiency, per cent........ 
CO: top 3rd pass, per cent. 

Heat liberation, B.t.u. per cu. ft ‘per hr 
Maximum operating rating, per cent. 
Heat liberation, B.t.u. per cu. ft. per hr 
ey errr rere 









Raw-coal handling, cents per ton 
Ash handling, cents per ton. 
Slagging and cleaning boilers, ‘cents per ton 






Coal preparation: 
Operation, cents per ton... 
Maintenance, cents per ton 
Power and lubricants, cents per ton 
Total, cents per ton. 


Power consumption, kw- be. per ton 

Raw-coa! handling, kw-hr. per ton 

Mills and exhaust fan, kw-hr. per ton 

Drier fan, kw-hr. per ton. 

Air transport, kw-hr. per ton. 

Primary air, kw-hr. per ton..... 

Draft fans, kw-hr. per ton. 

Feeder motor, kw-hr. per ton... 

Total power consumption, kw-hr. per ton 
Cost at 0.3 cents per kw-hr., cents per ton 
Boiler operation, cents per MONEE sa.c-cis 
Boiler feeder, draft maintenance, cents per ton. 
Boiler-setting maintenance, cents per ton 
Boiler and furnace fuel economy, cents per ton 
Increment, West Kentucky coal, cents per ton 
Summary operating costs, cents per ton 
Increment over latest installation 



























Relative investment, boiler plant 
Ratio of total hours available. . 
Service-capacity factor, per cent. 
Relative investment, boiler capacity. 
Fixed charges per ton coal burned, dollars... 
Maximum capacity basis: 
Total operating costs and fixed charges, dollars. . 
, Increment over latest installation, dollars.......... 















No. 3 
Sept., 1923 
1801 
Storage 
Vertical fan tail 
None 
Air-cooled re- 
fractory 


Air-cooled re- 
fractory 


Plain tubes, 223 


sq. ft., 107/s in. 


Plain tubes, 358 


sq. ft., 107/s in. 


None 


Te 
150 
86.0 
13.0 
670 
9,400 


83.5 
12.7 
705 
12,900 
81.0 
12.3 
725 
16,600 


Above capacity 


Above capacity 


Results 
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BOILER COMPARISONS, CAHOKIA S 


No. 1l 
March, 1925 
1801 
Storage 
Vertical riffle 
None 
Fin tube, 940 
sq. ft., 7 in 


Air-cooled re 
fractory 


Fin tube, 
ft., 7 in. 


Plain tube, 382 
sq. ft., 14 in. 
None 


1,888 
0.63 
13,5 0 


t 
t 
“Iso 


185 
SO 
13.2 

656 
10,000 


85.5 
13.2 
670 
11,000 
S14 
13.3 
7U5S 
14,400 


Above capacity 


Above capacity 


Operating Data 


185 200 
82.5 84.5 
13.0 13.6 
12,000 11,100 
200 240 
13,000 13,900 
Brickwork Draft 
Operating Costs—Power Consumption 
4.9 4.9 
1.4 Rae 
1.9 1.8 
9.5 9.5 
10.0 11.6 
7.4 7.6 
26.9 28.7 
0.4 0.4 
16.0 16.0 
2.5 2.5 
3.3 3.3 
5.3 5.6 
. 0 “4 0 
28.5 28.8 
8.5 8.7 
25.2 25.2 
6.6 6.6 
13.5 1.6 
14.0 8.0 
96.1 79.6 
‘ 23.3 





1.056 
0.78 
187 
0.768 
3°55 


4.35 
1.61 


566 sq. 


STATION 
No. 13 


Dec., 1925 
1801 


Storage 


Vertical riffle 


1,700 


Fin tubes, 7 in., 


905 sq. ft., 
10'/2 in., 
Refractory, 


heated 
sages 
Fin tube, 


ft., 7 in, 


Plain tube, < 
14 in. 
None 


sq. ft., 


1,891 
0 
13,200 


670 
10.400 


S7 

14 
OSU 
11,000 


Sb 
14 
720 


13,800 


82 

14 
730 
19,600 


Above capacity 


210 
S6 

14 
11,700 
320 
18,700 


Slagged tubes, smoke 


3 


QO. 


plain, 


air pas 


540 sq. 





15 


6 


85 


4 


9 
l 


v9 


631 
92 


69 
95 


No. 14 


Sept 


1925 
1801 


Storage 
Vertical rifle 
None 
Plain recessed 


324 sq 


10'/2 in 


ft., 


Air-cooled re 


fractory 


Plain tubc, 
10'/2 in. 


sq. ft., 


Plain tube, 
10'/: in, 


eq. ft., 


502 


503 


None 


1,329 
0 
13,000 


18 
18 


OS6 


720 
14.900 





“iN 


Above capacity 


Above ca 


200 

83 
11,700 
240 
14,500 
Draft 


192 
0 


pacity 


039 
sU 


736 


3.40 


4 
1 


24 


50 


Nores: Furnace volume is measured from above center line of slag-screen tubes to center line of lowest boiler tubes, except on boiler No. 17. 
the volume is measured from the lowest row of boiler tubes to the horizontal center line through the hopper throat. 

Width of furnace measured between side walls or between inner faces of tubes. 

Fin-tube surface based on half entire perimeter of fin and tube screen surface for boiler No. 14, based on entire tube surface. 
Nos. 13 and 17 based on projected diameter of tubes, and bare iron surface is actual! block surface. 
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No 








17 


Oct., 1927 


1801 


Unit mill 
Hor. turbulent 


Plain recessed, 


465 sq. ft., 


7 in 


Plain recessed, 


93 sq 
10'/2 in 
Plain recessed, 
238 sq. ft., 
7 in 
None 
Bare iron 
blocks, 479 
sq ft., 7 in. 
as 27 75 
0.79 
12,000 
6.65 
19.2 


19 


165 
SS 

16 
685 
9.800 


SS 
15 
695 
12,000 


7 

15 
705 
15.100 


R02 


15 


720 
21.600 


io 
14 
730 


230 

S7 

15 
13,900 
400 
26,700 


Smoke 


0, 
0. 


56 


On this 








v0 
6 






boiler 


Plain-tube surface of boilers 
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a compressed-air transport system complete the coal-preparation 
plant. Vertical streamline firing is used in furnaces which are 
The boilers and fur- 
naces of the third section are very similar to those of the other 


substantially the same in size and shape. 


sections, the most important change being the use of unit mills 
with horizontal turbulent firing. Thus it may be seen that the 
general plant layout has been unchanged through four changes 
in furnace design, and that the boiler and furnace size and ar- 
rangement are not materially altered 


DEVELOPMENT OF MILL PERFORMANCE 


The main problem in mill ope ration has been that of reducing 
When 


the first boilers (represented by boiler No. 3 in Table 1) were in- 


ower consumption and decreasing maintenance costs. 
I 


stalled in®1923, mills having a capacity of 6 tons per hour were 
P h 


77 ~ 














Grade t200 





Fie. 1 Borter No. 3, ReFRactory Sipe WALLS 
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Tests showed that these mills, which were 
of the roller type, required 17 kw-hr. per ton at that time, with 
6 per cent moisture in the coal. When subsequent mills having 
a capacity of 15 tons per hour were installed, the power con- 
sumption on test averaged 13 kw-hr. per ton. These tests were 
made when mil! parts were new and at full capacity. 

In operation, however, the capacity of the mills falls off as 


the largest available. 














Fic. 2 


BoiterR No. 11, Frx-Tuse Sipe Watts 

grinding parts become worn, and the output falls as low as 11.0 
tons on the large mills and 5.7 tons on the small. The effect 
of this change is to make the power consumption and operating 
costs proportionately higher on the large mills and consequently 
these items are about equal for the two sizes of mills. Better 
lubrication, more complete drying, and improved transport 
methods put into effect since the plant’s early operation have 
reduced power consumption and costs for both mills. Because 
of the difficulty of handling repair parts for the large mills 
the maintenance costs are slightly higher than for the small 
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size. Thus, as shown in Table 1, the coal-preparation costs for 
boiler No. 3 are slightly lower than any of the three boilers of the 
second section, Nos. 11, 13, and 14, which are operated from large 
mills. It is not known just how far local conditions affect these 
results, but at least one other plant has had the same experience 
with 6- and 15-ton mills. 


The change to unit mills in the third section has introduced 


Srade 630 


Grade 40.0 





Groa 


—_——— 


Fie. 3 Boiter No. 13, 


WaTER WALLS AND AIR HEATER 


Vou. 50, No. 10 


new conditions. As may be noted in Table 1 the power con- 
sumptions for the mills are about the same. The overall power 
consumption, however, is reduced (1) by the elimination of drier 
fans; since the mills are of the high-speed, impact type and air 
swept, drying is not necessary; and (2) the elimination of pul- 
verized-coal transport and primary-air fans is a further cause of 
lower overall power consumption. Due to greater accessibility 
with the new type of mill, the replacement of worn parts is some- 
what less expensive, the overall cost of maintenance, includ- 
ing an item for deferred maintenance, being 7.2 cents per ton 
of coal. 


DryYING EQUIPMENT 


Maintenance of the waste-heat driers, which utilize diluted flue 
gases as a heating medium, has been high because of high sulphur 
and moisture content of the coal and consequent corrosion of the 
sheet-iron plates. Considerable operating expense has also been 
involved in preventing damage from fires which frequently 
start in 
before the coal reaches the mills. 


the driers and which must be located and removed 


CoatL-TRANSPORT EQUIPMENT 


Air transport systems, both the Quigley “shooting tank”’ 
method and the Fuller-Kinyon aerating pump, are used at 
Cahokia but separate costs are not available. The chief ex- 
pense in transport has been that of replacing worn transport 
pipe and fittings, and in the operating attention required for 
stuck switching valves and for opening lines where the coal 
has packed. 

As previously mentioned, coal-transport and drying equipment 
are eliminated in the third section by the use of the unit mills 
This simplification has reduced the number of operators to the 
point where, in the third section, one mill operator and an as- 
sistant can care for the mills on eight boilers, compared to four 
or five operators for the same number of boilers in the other 


section. 
Fue. Freepers, BURNERS, AND COMBUSTION PROBLEMS 


Cross-sections of the feeder, burner, furnace, and water-wall 
arrangements for the five different types of boilers are shown 
in Figs. 1 to 5. 

The pulverized-fuel feeders which are required with the storage 
system in the first two sections are subject to considerable wear 
and must be renewed after about 35,000 tons of coal have passed 
through them. The effect of this wear is to cause unevenness 
in the coal feed and irregularities in the fire. The burners 
originally used were of the “fan-tail’’ type, which is the type 
listed for boiler No. 3. A later design is the “riffle’’ burner 
which imparts a greater mixing action to the coal and air stream. 
Maintenance of fuel feeder and burner amounts to about 2.5 
cents per ton with the storage system. 

The type and design of burner have a marked effect on flame 
characteristics and combustion in the furnace. A streamline 
burner of the fan-tail type requires Jess primary air pressure than 
one of a mixing type, but results in the stratification of air and fuel 
and a longer flame. At high ratings, over 185 per cent on boiler No. 
3, the flame shoots down through the slag screen into the ashpit 
and extends upward into the boiler generating tubes. Although 
the furnace volume is relatively large it has not been possible 
to effect sufficient mixing to cut down flame lengths and avoid 
slag in the ashpit. We have improved this condition, however, 
by imparting turbulence to the coal stream as it leaves the burners 
by placing water-cooled angle spreaders directly below the 
burner tips. It is reported that the improvement from such 
devices is much greater in some plants where coal of a lower 
volatile content is used. On the whole, however, furnace 
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performance with Illinois coal has not been satisfactory with the 
streamline, long-flame burners. 


EROSION OF REFRACTORIES 


With ash fusing at as low a temperature as that in the coal used 
at Cahokia, slagging and brickwork erosion can only be avoided 
by low ratings and high excess air. Although the walls in the 
brick furnaces are air-cooled, erosion can be avoided only by 
keeping the heat-liberation rate below 13,000 B.t.u. per cu. ft. 
per hr. Even at this rate the average side wall lasts about 
4000 service hours and maintenance averages 13.5 cents per ton. 
The air-cooled brick walls and long-flame burners thus account 
for costs that are 19.5 cents per ton higher than is the case with 
mixing burners and water-cooled walls. 

The mixing burner breaks up the coal stream and shortens 
the flame. Higher ratings and higher percentages of CO, are 
A water wall of the fin-tube 
type (as in No. 11) or a wall of spaced tubes and refractory 
have effected a reduction in furnace-wall maintenance to 1.6 
cents per ton. 


therefore possible without slag. 


SLAG AND Its ELIMINATION 


With reference to ashpit slag, the first four types of boilers 
are about on a parity, and have presented one of our most serious 
problems. Molten basic ash, combining as a flux with refrac- 
tories having acid characteristics, even at moderate boiler ratings, 
runs down the side walls and collects on the horizontal water 
screen and in the pit where it gradually forms a solid mass. Be- 
fore this can be removed the furnace must be allowed to cool for 
from 24 to 36 hours. As a result, the outage for removing slag 
has been as high as 25 per cent of the boiler service hours, and the 
average cost has been 1.8 cents per ton of coal. 

Early in the station operation it was evident that slagging of 
the ashpits was greatly affected by, if not due to, the position of 
the hot zone of the furnace in or directly above the ashpit. 
Much effort was expended in attempting to develop ways of 
At about 
the time when this condition was most acute, a horizontal ar- 
rangement of firing was developed in the Ashley St. station on 
somewhat smaller boilers. Horizontal turbulent firing proved 
to fit in very well with the furnace conditions at that plant, and 
ilmost at once when the installation was tried out it became 
evident that slagged pits could be avoided, for the hottest zone 
of the furnace was no longer in the bottom, but up away from the 
ishpit toward the boiler tubes. A test installation with hori- 

mtal turbulent burners and unit mills was later made at Ca- 
hokia and the same furnace condition was obtained, i.e., the pit 


raising this hot zone to a higher point in the furnace. 


It was on the basis 
of this preliminary experimentation that the third section of the 
plant was equipped with unit mills and horizontal turbulent burn- 


ers 


was kept sufficiently cool to avoid slagging. 


This latest installation has fully met expectations in that slag 
the hot 
located midway between the ashpit and the boiler generating 


t ibes; 


s not formed even with low excess air; zone is now 
high boiler ratings are possible; and the efficiency is 
better any installations. Other 
combustion conditions in the third section are similar to those 
in the earlier furnaces. Since about 70 per cent of the air re- 
quired for combustion is used to sweep the mills, the rate of com- 
bustion is rapid. The turbulence possible with all air under 
pressure is a further surety that combustion is relatively com- 
plete in the shortened flame travel. With practically the entire 
wall surface water cooled, the furnace temperature is lower in 
the space close to those surfaces. This no doubt aids in the 
elimination of slag and makes high furnace ratings possible. 
lt is, however, a limitation to furnace efficiency at very high 


slightly than on previous 
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ratings in that combustion is not as complete as in the case of the 
This loss shows itself in the 
amount of combustible remaining in the dust as it leaves the 
boiler. 


furnace with higher temperature. 


The net gain for this installation in operating economy, 
by avoidance of slag, by the elimination of coal drying and 
transport, and reduced operating attention, is listed in Table 1 
and amounts to 40 cents per ton of coal compared to boiler No. 3. 
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Fic. 4 Bor_er No. 14, WaTeR-WALL TuBES RECESSED IN REPRAC- 


TORY 
Atk PREHEATERS AND GREATER Heat LIBERATION IN FURNACE 


Part of the gain in boiler efficiency with boilers Nos. 13 and 17 
is due to air preheaters, and if a comparison is made with the 
efficiencies obtained with the storage system, it should be made 
with No. 13 boiler, which is identical in every way with No. 17 
except for the method of firing. Economizers were not justified 
due to low fuel cost and turbine extraction heating, consequently 
air preheaters offered the remaining opportunity to increase 
boiler efficiency. As mentioned before, they also work to ad- 








J 


vantage with air-swept unit mills and turbulent firing. An 
additional advantage lies in the higher ratings obtainable with 
the foreed- and induced-draft fans. 

The various factors that have led to higher heat liberations 
in the furnace have been discussed, the most important being the 
use of water-cooled walls. The maximum rate of heat liberation 
has been increased steadily from 13,000 to 29,000 B.t.u. per 
cubie foot of furnace volume, the higher figure, of course, re- 
quiring foreed- and induced-draft fans as used with air preheaters. 
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Fic. 5 Borer No. 17, Unit Mitts, Arr HEATERS, CoMPLETE 


Water WALLS 


72 MECHANICAL ENGINEERING 


Vow. 50, No. 10 


The corresponding increase in maximum steaming rates for the 
various types of boilers has been from 200 to 400 per cent, which 
are the upper limits that can be obtained continuously without 
special preparation or attention. In the brick furnaces ratings 
higher than 200 per cent are accompanied by such rapid wall 
erosion as to limit the time of such capacities to an impracticable 
period. 
AsH Disposau 


By reducing the quantity of slag which must be removed from 
the furnace pits, a reduction in cost of ash handling and furnace 
cleaning has been effected. <A sluicing system is used for re- 
moving granular ash and has proved to be very satisfactory. 
Heavy pieces of slag, however, cannot be sluiced and must 
either be wheelbarrows. The 


broken up or carried out in 


avoidance of slag in the latest boilers eliminates such work 
ADAPTATION TO WipE Variety OF CoALs 


The general combination of all the developments now places 
the design on a basis where a wide variety of grades of coal can 
be economically fired. The ash characteristics have proved to 
be one of the most important determining factors in burning any 
grade of fuel, and the solution of the slag problem permits the 
Cahokia, 
during the past year, has operated on coal from two fields, going 
Other 
fuels burned have included coals from the vicinity of Troy, 


use of fuels which formerly could not be handled. 


from one to the other as market conditions dictated. 


Illinois, having very high percentages of ash, and “by-product 
coke” from the oil industry containing practically no ash 
The economic advantages of such possibilities are obvious. 
INVESTMENT Costs 
The entire development has, of course, been closely dependent 
upon first costs. The increased maximum boiler ratings have 
been accomplished with the same size of furnace and space oecu- 
pied as the earlier installation, with a resulting reduction in in- 
vestment per unit of boiler capacity. The figures indicating these 
changes are set forth in Table 1. To visualize more clearly what 
these comparative costs have been we have determined the 
investment for each boiler and converted it into a ratio, taking 
boiler No. 3 (of the original Thus, 


boiler No. 17 cost 13.9 per cent more than No. 3, and so on 


installation) as unity. 
This cost includes complete expenditures for the steam plant, 
including coal building, 
equipment, boilers, furnaces, and all boiler-room equipment 


and ash handling, coal-preparation 
These unit costs have been adjusted to a common basis of maxi- 
mum steaming capacity. Thus, boiler No. 17 can be operated 
at twice the rating of No. 3, and the investment on a capacity 
basis is halved. 

In setting up a capacity study, not only the boiler rating 
should be considered but also the relative outages for main- 
tenance. Thus the early boilers have an outage factor for slag- 
ging and cleaning which is greatly reduced with the latest in- 
stallation. On the other hand, the latest installation has an 
outage for repairs to unit mills. 
a combination of maximum rating and outages has been set up 


ina “service-capacity factor’ as follows: 


As a true measure of capacity, 


Percentage of Percentage of 


maximum total hours boiler 
boiler x is available 
rating for service 


Service-capacity factor = > 
100 

It is suggested that such a figure gives a truer indication of 
boiler performance than maximum rating alone. In using such a 
figure for comparison it must be realized that the outage for 
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repairs is partly under control of the operators, in that main- 
tenance can be speeded up (at extra cost) when necessary. For 
comparison of boilers within a plant, or between plants of simi- 
lar load factors, however, this factor is of value. 

On the basis of the service-capacity factors the annual interest 
charges on investment have been calculated for the total tons 
burned in a year and prorated among the different types of boilers. 
The result is tabulated and shows that the latest installation 
compared to the first represents a saving of $2.05 per ton of coal 
burned. 

That this is a tangible saving which can be realized upon is 
being demonstrated in a plant change now being carried out. 
Four of the first boilers are being changed to a type of firing and 
A 35,000-kw. 
turbo-generator is being removed and a 75,000-kw. unit installed 
in its place, the new unit to receive steam from the same four 
Additional plant 
capacity is thereby obtained at an investment that is roughly 
70 per cent less than the average for the plant. 


furnace construction similar to the most recent. 


boilers which served the original machine. 


CONCLUSION 


In order to indicate the progress made with pulverized coal the 
operating records of a series of five different pulverized-fuel- 
firing arrangements and furnace designs have been assembled in 
such form as to show what value lies in each for this particular 
plant. These comparative values depend upon (1) the grade 
and price of coal used, (2) the plant load factor, and (3) the rate 
for fixed charges. With these conditions the design best adapted 
shows a saving of $0.40 per ton coal in operating costs and a 
saving of $2.44 in fixed charges. This result has been brought 
about by (1) reduction in coal-preparation costs, including the 
elimination of drying and transport equipment, (2) general im- 
provement in boiler economy by development of the firing method 
best adapted to the fuel, (3) reduction in furnace maintenance 
by the use of water walls, (4) elimination of hard slag in furnace 


by horizontal firing, and (5) increase in ratings by the use of 


Plate-Steel Rotor for 


T THE Spring Meeting of the A.S.M.E. in Pittsburgh, 

H. G. Reist' presented a paper explaining in brief the 

construction of a 220-ton revolving-field spider for a 
generator driven by a vertical water wheel. In designing this 
spider the object was to obtain a construction having the least 
waste of material, ample strength, the fewest unknown quantities, 
and one which could be economically produced by existing 
shop equipment. The paper was published in the May issue 
of MECHANICAL ENGINEERING, p. 363. Discussions submitted 
by Messrs. C. Richard Soderberg and B. A. Behrend are given 
below. 

C. RicHarp SoperRBERG.2. The mechanical design of the 
rotating parts for our modern generators, whether of the high- 
speed turbo type or the lower-speed salient-pole types, is one 
of the most difficult problems of mechanical engineering encoun- 
tered in the electrical industry. 

The author has described a construction which represents 
a radical departure from arrangements used so far, and which 
undoubtedly possesses the advantages which are claimed for it. 

1 Designing Engineer, Alternating-Current Machinery, General 
Electric Co., Schenectady, N. Y. Mem. A.S.M.E. 

?M.E., Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
Assoc-Mem. A.S.M.E. 
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water walls, turbulent firing, and draft equipment. The last 
development has proved to be by far the most important in the 
matter of cost, and has been made possible by the experience 
with the other four developments. 

In other words, out of previous experience there have been 
evolved furnace and firing arrangements which we believe to be 
better for Cahokia conditions than any that have gone before. 

What the nature of further improvements will be is difficult 
to forecast. 

(a) Improvement of mills will probably depend to some 
extent upon development of new types and on present designs, 
in maintaining the fineness of grind, and greater facility for repairs. 

(b) The problem of higher rates of heat liberation in the fur- 
nace is receiving much attention. It will evidently require still 
greater flame turbulence and possibly higher furnace tempera- 
tures. Some installations are now obtaining rates of heat libera- 
tion as high as 60,000 B.t.u. per hour, usually by means of tan- 
gential firing. 

(c) Water walls have about reached their limit with prac- 
tically the entire furnace enclosed. Future attention will doubt- 
less be given to lowering of installation costs of such walls and to 
possible improvements in water circulation. 

(d) The use of radiant superheaters as a part of furnace walls 
offers possibilities in obtaining a higher and more even superheat. 
Radiant superheaters, being directly exposed to the temperature 
of the furnace, develop higher superheat with air preheaters and 
reductions in excess air, and are therefore affected in a manner 
directly opposite to that in which convection superheaters are by 
changes in excess air and furnace temperatures. A combined 
radiant and convection superheater is therefore more likely to 
give even superheat. 

(e) Means for reducing the quantity of fly ash in the flue gases 
will be important where pollution of air is a severe local dis- 
advantage. And, if the thought may be repeated, all these 
problems can be discussed to the greatest advantage if considered 
from a completely economical viewpoint. 


an Electric Generator 


The Westinghouse Company has for years favored a construc- 
tion which is very different from the one described by the author, 
but which has the same advantages. 
referred 


This construction is usually 
‘laminated-rim construction,” and Fig. 1 
shows the customary arrangement for rotors of comparatively 
small diameter. The centrifugal load is carried by a rim, stacked 
up from sheet-steel punchings. The central portion of the spider 
is made very light as it carries practically no centrifugal force, 
and its chief purpose is to center the rim and transmit the torque 
to the shaft. 

Ordinarily, the rim is held by close-fitted bolts, linking the 
punchings together, but on some of the machines having thin 
punchings it is also possible to hold the rim by friction. 

The actual strength of the rim, as compared to a solid rim, 
depends upon the amount of overlapping that can be used, and 
varies between 50 to 70 per cent of the strength of a solid rim. 

Thus the actual effective cross-sectional area is smaller than 
in a solid rim, but this is offset by the certainty of a uniform 
material, and the superior quality of the material as compared 
to cast steel. 

In machines of large diameter, as in the rotor described by 
the author, the construction shown in Fig. 1 does not have enough 
clearance or elasticity in the dovetails to permit the rim to ex- 
pand under its load. This difficulty has been overcome by the 
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construction shown in Fig. 2, which also indicates a structural- 
steel spider. This construction was originated by Mr. R. A. 
Baudry. The rim itself is not changed, but the dovetails engage 
in plates A, welded to the webs of the spokes, which permit elas- 
tic movements in the radial direction of the desired order. The 
rim is built up in the ordinary manner, and the axial bolts tight- 
ened up. Then it is heated to about 100 deg. cent., and wedges 
B are driven in. When the rim cools, it is shrunk on the spider 
with an allowance large enough to prevent loosening at the over- 
speed. 

It is thus possible to extend the application of the laminated 
spider rim to any diameter within sight at the present time. 

One of the most important advantages of the laminated-rim 
construction is the fact that the rotor can be assembled at the 
customer’s power station without any previous assembly at the 
factory, and without turning the outside surface. 

The material used in the rim can be adjusted to the require- 
ments of each order, from the cheapest grade of bessemer steel 
for machines of low stress to high-grade alloy steels for the most 
severely stressed machines, 





B. A. Bexrenb.* The author’s description of his new rotor 
design for the Conowingo generators is a most consistent appli- 
I 




















Cast Sprper Wits LAMINATED Rim 


Fic. 1 


cation of the principle of utilizing throughout only rolled and 
forged materials. He has limited himself in this case to rolled 
materials only. 

The most unusual part of the design is not so much the rotor 
spider as the rim, which is made up of cylindrical “‘leaves,’’ 
so to speak, the separation being radial instead of axial as has 
been usual. 

The author emphasizes that in slow-speed machines the arms 
do not as a rule contribute more to the relief of the cylindrical 
part of the rotor than they detract by introducing bending 
stresses. This is doubtless the case on slow-speed machines. 


* Consulting Engineer, Wellesley Hills, Mass. Mem. A.S.M.E. 
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Twenty years ago rolled material was introduced into the 
manufacture of electrical machines by W. 8. Henseley at a time 
when the industry was hardly ripe for it. Today, largely through 
the leadership of the author, frames and other parts of large 
electrical units are being made of rolled stock riveted or welded 
together. Thus a material advantage has been gained from the 
point of view of strength, ventilation, and cost. 

For those who are not familiar with the design of high-speed 
revolving elements it may be remarked that the radial support 
furnished by a spider of continuous construction or by a disk, is 


very much depended upon to relieve the stress in the hoop por- 
This is of course perfectly well known to 


tion of the rotor. 
























Fig. 2) SrTRUCTURAL-STEEL SpipER With LAMINATED Rim 
the author, who is not concerned in his paper with high-speed 
designs. 

The writer believes the construction of these rotors to be 
sound in principle, and to mark a further advantage by securing 
greater strength and reducing uncertainty in regard to flaws, 
together with reduced manufacturing costs. 





What Is Hardness? 


] Y HARDNESS is meant that property of mechanical resist- 
ance that is possessed by the outer layer of solid bodies. 

It is now well known that bodies in thin layers have properties 
that differ widely from those they possess when they have consider- 
able thickness, and their mechanical properties obey this law in the 
same manner as do their electrical, optical, or magnetic properties 
When a layer of a given body has a thickness less than 50 micro- 
millimeters, the usual properties begin to be modified; for still 
thinner layers there is still greater change, and the bimolecular 
or monomolecular layers of liquids or of gases no longer have 
the ordinary properties of liquids or gases, and they adhere to 
solids with a strength that was previously unsuspected. 

For solids of appreciable thickness, the outer layer presents a 
phenomenon similar to the surface tension of liquids, except that 
the forces acting are very much greater. 

In the case of tensile strength, it is well known that the finer 
the wire of any particular material the greater is the stress it can 
bear, and this stress increases with increase in the ratio of pe- 
riphery to cross-section. 

The definitions given above are rather definitions of the word 
“hardness” than of any corresponding and definite physical value, 
a definition of which has still tobefound. R. Esnault Pelterie in 
The Engineer, Aug. 17, 1928, p. 180. 


























Modern Quantum Theories—II 


In This Second Article Sommerfeld’s Modification of Bohr’s Model Is Discussed, and the 
Matrix Calculus of Heisenberg and the Wave Theory of Schrédinger Are Introduced 


By LEON CAMMEN,! NEW YORK, N. Y. 


N A previous article? there was presented a résumé of changes 
in the theories of radiation from that of Maxwell, with the 
concept of a continuous process, to that of Planck, Einstein, 

and Bohr, with the concept of a discontinuous process involving 
quanta of action. That the quantum-of-action theory and the 
Bohr concept of the atom give a correct interpretation of radia- 
tion was established by Millikan, Compton, and others. The 
next step deals once more with the atom model. 


SOMMERFELD’sS MopiIFICATION OF Bour’s MopEL 


In his model of the atom, Bohr gave to the negative electrons 
circular orbits about the positive nucleus, so that each atom be- 
came an infinitesimal solar system. According to Newton’s law, 
circular orbits are possible, but only under certain specific con- 
ditions, which, as a matter of fact, are not believed to be en- 
countered in the mechanism of the universe. Bohr needed, 
however, circular orbits in order to give to the constant NV obtained 
from the Balmer-Ritz equation (referred to) consecutive integer 
values. As he built up his model with the definite purpose of 
meeting conditions imposed by data previously obtained experi- 
mentally, it was natural for him to resort to the use of circular 
orbits. If, however, the periodic motion executed by the nega- 
tive electron about the positive proton or nucleus is under the 
influence of a force which is inversely proportional to the square 
of the distance as is the case in Bohr’s model, it is likely that 
the orbit would be elliptical rather than circular. Sommerfeld 
modified the Bohr model so as to obtain elliptic orbits. For 
the semi-major axis of the orbital ellipse the same values are ob- 
tained as in Bohr’s original theory for the radii of the circular 
orbits, but it was found that for every value of the major axis 
there may be a series of possible values of the semi-minor axis. 

In Bohr’s theory both axes were of course equal.) 

In Sommerfeld’s theory each orbit requires two quantum 
numbers for its definition—a principal quantum number n, and 
a subordinate quantum number k, which, however, can never be 
larger than the principal number. The principal quantum 
number determines the length of the major axis and the sub- 
ordinate number determines the eccentricity, and therefore the 
shape of the orbit. If the subordinate number is equal to the 
principal number, the orbit is circular and the special case of 
the Bohr model is obtained. 

If m and s are two principal numbers, theoretically ns tran- 
sitions between the n and s quantum states are conceivable. 
Chere is, however, a so-called “selection principle’ in operation, 
inder which only those transitions are permissible in which 
the subordinate numbers vary by unity. A further modification 
has been the use of half-odd integers, as well as integers, as pos- 
sible values of s, which considerably modified the older quantum 
theory. This will be discussed in a future article. 

As regards the energy possessed by an electron in an elliptical 
orbit, calculation (too complicated to be repeated here) leads, 

' Associate-Editor, MECHANICAL ENGINEERING. 

?See MmcHANICAL ENGINEERING, vol. 50, no. 9, September, 
1928, pp. 703-706. 

This article does not present the results of original research, being 
merely a popularization of material already published. For further 
- ae readers should consult the references given at the end of 

C ¢ cie. 


in the first place, to the result that it depends only on the prin- 
cipal quantum number. The value given by this calculation 
for the energy in an n-quantum orbit is identical with that re- 
sulting from Bohr’s theory of circular orbits, irrespective of the 
value of the subordinate number. The correctness of the results 
obtained in Bohr’s theory is therefore in no way affected by 
Sommerfeld’s development. 

Thus, although the above calculation leads at first to the result 
that, for a given value of n, the energy in all the variously shaped 
orbits is the same, yet the calculation is based on the essential 
assumption that the elliptical motion of the electron under con- 
sideration is not disturbed in any way. On the other hand, if 
any kind of perturbation be present, the influence of the subor- 
dinate number must be felt, whether these perturbations be due 
to other electrons likewise revolving about the nucleus (which is 
always the case, except with hydrogen and ionized helium), 
or whether they be due to the establishment of an external 
electric or magnetic field. In these cases Sommerfeld’s hy- 
pothesis of a subordinate quantum number proves to be 
extraordinarily fruitful. For in all these cases the energy 
values appertaining to the same principal number must differ 
from each other; hence, in accordance with Bohr’s frequency con- 
dition, a so-called resolution of the spectral lines must take place. 

It was, however, an especial triumph for the hypothesis of the 
subordinate quantum number that, in consequence of the different 
eccentricities of the orbits, the spectral lines, even in the undis- 
turbed hydrogen atom, must be resolved. This resolution, 
which was predicted by Sommerfeld and which has also been 
completely confirmed by quantitative experiments, is simply a 
result of the minute correction to be applied to the above-men- 
tioned calculations, when, in contradistinction to the classical me- 
chanics, the theory of relativity is taken into account. Whereas 
classical mechanics leads to the result quoted above, according 
to which the energy for a given principal number is independent of 
the subordinate number, a certain degree of dependence is never- 
theless found to exist when, in accordance with the theory of 
relativity, the increase in mass with increasing velocity is taken 
into account; for of course the velocities differ in the variously 
shaped elliptical orbits. 


Errorts TO CORRELATE THE THEORIES 


Because of the fact that the quantum theory explains certain 
phenomena which the wave theory could not, it does not mean 
that the wave theory must be completely abandoned. As a 
matter of fact, it still offers a satisfactory explanation of reflec- 
tion, refraction, diffraction, and, to a large extent, dispersion of 
light of all wave lengths. It should be remembered, however, 
that in all these phenomena there is an interaction between 
radiation and matter, but no transformation of the energy of 
radiation into energy of other forms, or transformation or radiant 
energy of one frequency into radiant energy of another fre- 
quency. When it comes, however, to phenomena which involve 
a transformation of the radiant energy into another form, such as 
energy of the electrons bound in matter, recourse has to be had 
to the quantum theory. Furthermore, if the quantum be made 
small enough, i.e., making the wave length long enough, all 
quantum results must agree with the results of the wave theory. 
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According to Prof. E. N. daC. Andrade,* the immediate 
problem is less that of the fundamental reconciliation of the 
two theories than that of deciding exactly how far each can be 
employed in dealing with practical phenomena. 

The most beautiful illustration of the difference between the 
two theories is shown by the consideration of phenomena of 
dispersion. 

The wave theory supposes that when an elementary oscillator 
an atom or molecule—emits light, this light spreads out in a 
homogeneous medium in spherical waves. 
persion the classical electromagnetic theory assumes that atoms 


In the ease of dis- 


contain linear harmonic oscillators consisting of electrons bound 
to equilibrium positions by quasi-elastic forces. These oscilla- 
tions therefore have a definite free frequency ». When a 
monochromatic radiation of frequency v is incident upon them, 
they are set into forced vibrations of frequency v whose ampli- 
tude depends upon the relation of v to ». The result of 
these forced vibrations is a modification of the velocity of the 
electromagnetic wave to an extent depending upon the frequency 
of the incident wave which produces dispersion. 

Planck has shown that the results of the classical theory of 
dispersion can also be obtained by considering that the sole 
means of interaction between the molecules are electromagnetic 
waves originating in the vibrations of the bound electrons propa- 
gated in the free vacuum between the molecules. This left 
certain phenomena unexplained, however, particularly absorp- 
tion, which, according to Lorentz, means transformation of the 
incident radiation into heat. 

In attempting to explain dispersion by the quantum theory 
two methods have been used. One was to abandon the wave 
theory completely and the other to admit that as far as inter- 
ference, dispersion, and such phenomena are concerned, quanti- 
tative description is based on the supposition that atoms emit 
spherical rays with the ordinary interference properties, which 
would mean that while the quantum theory governs interaction 
between radiation and matter, the wave theory gives a correct 
account of the phenomena outside matter. 

To reconcile the two theories and to preserve the features in 
which the wave theory is successful, an assumption was made that 
the atoms give rise to a “‘virtual’’ field of radiation, which has 
the frequency determined by the quantum relation, hy = E — E’, 
and not by the frequency of the electron in its orbit, and that 
furthermore this field of radiation is continuous and not spas- 
modic as a true quantum field should be. This implies that the 
atom contains a substitute oscillator corresponding to each 
transition from an occupied orbit to another orbit permitted by 
the selection principle. It is obvious that if the substitute 
oscillator continuously emits waves capable of interference and 
has exactly the same properties as a classical oscillator, all the 
dispersion results which follow for the classical oscillator will fol- 
low for the substitute, since the dispersion is the result of the 
interaction of the spherical waves proceeding from the atoms. 

The mathematical work of Ladenberg, Kramers, and others 
has shown that a dispersion formula may be obtained in this 
way, provided the wave theory be considered as valid outside 
the atom. Furthermore, Kramers has shown that his formula 
merges into the classical formula for the “polarization of the 
medium” when the quantum numbers tend to infinity, just as 
all quantum processes should do. 

A remarkable feature of the hypothesis of substitute oscillators 
giving out energy steadily and continuously is that it implicitly 
denies that the principle of the conservation of energy and mo- 
mentum holds for the atomic scattering process, because if an 
atom is put in a given stationary state, on the quantum theory 


3 “*The Structure of the Atom,” 3rd edition, G. Bell & Sons, Ltd., 
London, 1927. 
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it has a fixed energy until the stationary state changes abruptly, 
but if it is radiating spherical waves all the time it must appar- 
ently be losing energy. 

On such consideration as was given this subject, it would appear 
that the principle of the conservation of energy and momentum 


Like 


the second law of thermodynamics, the law of conservation 


holds only so long as large masses of matter are handled. 


of energy and momentum is only, as expressed by Andrade, a 
macroscopic manifestation 

Bohr, Kramers, and Slater have put forward a theory which 
definitely dissociates the energy of the field of radiation and the 
energy of the atom as far as the single atom is concerned, and 
treats the conservation of the energy and momentum as statistical 
effects. When an 
atom is put into a given excited stationary state, it is to be 


The essence of the new theory is as follows:' 


considered as immediately starting to emit a steady train of 
spherical waves and has to continue to do so until its stationary 
When the quantum jump takes place the emis- 
the 


state changes. 


monochromatic radiations ceases and 


The continuous emission from 


sion of one set of 
emission of another set begins. 
an atom which is in a stationary state violates the principle of 
the conservation of energy. 

On the original quantum theory there was a causal connection 
between the radiation transformation in distant atoms. A given 
atom would change its stationary state and emit a quantum of en- 
ergy which would eventually be absorbed by another atom, causing 
On the 
new hypothesis there is no causal connection between the jump 
In other words, the radiation 


a quantum switch to a higher energy state in that atom. 


in one atom and that in another. 
is continuous, but a gain and loss of energy of the atoms is dis- 
continuous. This denial of the universal application of the 
law of the conservation of energy and momentum should be 
taken, however, with a very strong mental reservation. In the 
first place, there are not enough facts to support it. In the second 
place, there are actual experiments which would indicate that 
conservation of energy and momentum applies to certain inter- 
atomic phenomena. Thus, the experiments on the impact of 
the electrons on atoms indicate that in this case there are present 
rather definite stationary states which can only be changed by 
the additional loss of determined quantities of energy, which 
means that the interchanges of energy satisfy the essential re- 
quirements of the law of energy conservation. It would appear, 
therefore, that at best the methods of interaction py virtue of the 
field, where the laws of the conservation of energy and momen- 
tum fail to apply, are limited only to the case of atoms at com- 
paratively large distances from one another, if there. 


Is THE MATHEMATICAL TREATMENT CorRRECT? 


The foregoing summary represents what might be called the 
classical period of the development of the quantum-of-action 
It left a number of things to be explained and, in fact, 
The following 


theory. 
probably raised more questions than it answered 
quotation from R. A. Millikan’ is particularly fitting, as Millikan 
himself contributed an important share toward the development, 
and particularly the establishment, of the momentum theory. 
“To be living in a period which faces such a complete recon- 
struction of our notions as to the way in which ether waves are 
absorbed and emitted by matter is an inspiring prospect. The 
atomic and electronic worlds have revealed themselves with 
beautiful definiteness and wonderful consistency to the eye of the 
modern physicist, but their relation to the world of ether waves 
is still to him a profound mystery for which the coming genera- 
tion has the incomparable opportunity of finding a solution.” 
To a mathematical philosopher, if there be such a thing, there is 


* Ibid., p. 683. 
5“*The Electron,’’ University of Chicago Press, 1924, p. 260. 
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Putting it into 
Up to the 
point in the development of the quantum theory where we 


however, a suspicious element in all the above. 
colloquial language, “‘it is all too good to be true.” 


stopped, including Bohr’s atom models, all the physical phenom- 
ena available could be expressed apparently in terms of simpler 
school mathematics, and particularly in terms of scalar quan- 
There 
however, always a definite suspicion among mathematicians that 


tities, or magnitudes not affected by direction. was, 
universal phenomena could not be completely and satisfactorily 
expressed in terms of scalars, but must involve the vectorial or 
Moreover, there was 
also a not unfounded suspicion that what might be called “school” 


directional element in order to be true. 


mathematics would not adequately express such universal phen- 
omena as those which these theories have attempted to explain, 
and the fact that in the development of the quantum theory up 
to the point at which we stopped, these phenomena were so 
expressed, would indicate that we were dealing with a partial and 
not a complete expression of them. The work of physicists 
within the last three years, in particular that of Heisenberg, 
deBroglie, and Schrédinger, has gone much further than is 
stated above. Up to the point at which we stopped, the quan- 
tum theory postulated the existence of stationary states of the 
atom (Bohr) calculated by the use of the classical mechanics 
and selected by the use of quantum conditions satisfied by 
the action variables of that theorv. 

In the new mechanics the equations have the same form as in 
the classical theory, but the variables no longer satisfy the com- 
mutative law of multiplication, i.e., zy is not necessarily equal to 

the quantum conditions of the older theory are replaced by 
equations which enable the difference ry yx to be calculated, 
but nevertheless these equations involve Planck’s constant h. 

Kramers and Heisenberg worked out the absorption and 
scattering of radiation by an atom (regarded as a multiple peri- 
odic system in the classical theory) perturbed by an incidental 
radiation. They found a result expressed in terms of the orbital 
frequencies and amplitudes, and this result they translated into 
one containing experimentally observable magnitudes, namely, 
the frequencies and amplitudes of the spectral lines emitted by 
the atom. Heisenberg then developed a scheme of quantum 
kinematics by which the quantum formulas, which by this time 
had become quite complicated, would be directly 
n terms of these experimentally observable magnitudes, i.e., 


obtained 


frequencies and intensities of the spectrum, and without the 


_ 


intermediate use of orbital frequencies and amplitudes which 
by their nature can probably never be observed. The mathe- 
matical expressions obtained were, if anything, even more in- 
volved than before, but they were of a character that permitted 
i direct verification by experiment. The original dynamical 
juantity was expressed by a line of one-dimensional terms of 
substantially a Fourier series. Now, on the new quantum 
theory, it is represented by a two-dimensional table of terms or 
matrix,’ and the development of the matrix mechanics by the 
subsequent investigators is as brilliant a piece of mathematical- 
physical work as has ever been seen. 
ScHRODINGER’S WAVE THEORY 

A considerable complication of the Bohr theory of the struc- 
ure of the atom had been introduced sometime previous to the 
use of matrix mechanics. In the Bohr theory the proton or 
positive is a sun and the negative electron spins 
around it planet-wise, but while like a planet it is constrained to 
stay in a definite orbit, it is not supposed to behave like a planet 
in another way, i.e., it does not spin around its own axis. In 
1925, however, Goudsmit and Uhlenbeck proposed their theory of 
the spinning electron according to which the electron was sup- 
posed to be spinning about an axis like a top. Heisenberg and 


nucleus 
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Jordan then, using the new mechanics and the spinning-electron 
theory referred to above, calculated the structure of what is 
known as the doublets of the alkalies and in this way cleared 
up a number of problems, among others, the precession of 
the spinning axis of the electron, which were unsolved up to 
then. 

All of this led to another great advance toward the compre- 
hension of the atom made by Schrédinger, who assumed that the 
dynamics of an atom cannot be represented by a point moving 
through the coordinate space as in the classical theory, but 
must be represented by a wave in that space, and who obtained 
a differential equation which the wave function must satisfy. 
This equation contains EZ, the total energy of the atom, and has 
solutions which are continuous and bounded in the coordinate 
space only for certain definite values of E with corresponding 
wave functions. These values of the total energy of the atom E 
are the “energy levels of the atom,’’ and Schrédinger’s wave me- 
chanics brings the whole new quantum mechanics within the 
scope of the differential-equation analysis and reduces the caleu- 
lation of the intensities of the lines to a series of integrations, thus 
establishing practically a new calculus. 

Incidentally, this happened. The quantum-of-action theory 
naturally led to the reinforcement of what might be called the 
When this seemed to be 
fairly well established, Schrédinger showed that probably it was 


corpuscular theory of the electron. 


all wrong, and that it was not a point but a wave that was 
moving. The most recent development in quantum mechanics 
is an attempt to reconcile the classical quantum theory of Planck, 
Einstein, and Bohr with the wave mechanics of Schrédinger and 
the matrix calculus of Heisenberg. 


Wuy Is THE ENGINEER INTERESTED? 


The question may arise as to what interest the mechanical 
engineer has in these lofty realms of physics dealing apparently 
with problems far beyond the field of mechanical engineering. 
If it were certain that these are problems outside of his field, there 
would be no reason for the mechanical engineer to worry about 
the structure of the atom or the displacement of lines in the 
spectrum. There is, however, no such certainty. The physics 
If, thirty years ago, 
an engineer were asked whether an imaginary quantity would be 
of practical interest to him, he would probably have replied that 
engineering deals in real and not in imaginary things. Yet how 
could such a very real piece of machinery as an electric trans- 


of today is the engineering of tomorrow. 


former be designed without the help of imaginary quantities? 
The engineer is already dealing with submolecular phenomena and 
the metallurgist is beginning to look to subatomics for the ex- 
planations of certain very common processes, such as, for ex- 
ample, the hardening of steel. Just how soon such an apparently 
abstruse matter as the Schrédinger wave theory or the Heisen- 
berg calculus will be converted into terms of engineering is not 
certain, but there is scarcely any doubt that this will happen. 
Under these conditions it is well for the engineer to be prepared. 
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Recent Improvements in the Manufacture 
Of Flat Glass 


T THE Spring Meeting of the A.S.M.E. in Pittsburgh, 
a paper on the above subject was presented by H. K. 
Hitchcock, Consulting Engineer, Pittsburgh Plate Glass 
Company. 
touch on the early methods of making sheet glass; 


The object of the paper, the author stated, was to 
point out the 
generally accepted methods used; and briefly outline the most 
recent developments in the industry, giving references to the 
literature on the subject, so that those interested in it might 
be able to get in touch with the general line of this development 
without exhaustive search. 

The author dealt first with the primitive, hand-operated ways 
of producing flat glass by spinning, blowing, and casting; the 
development of the use of power-driven machinery in casting, 
blowing, and drawing; and finally with the development of the 
grinding 
polishing, with a brief description of an improved method of 
casting from pots. The paper, which was published in the May, 
1928, issue of MECHANICAL ENGINEERING, p. 368, was the sub- 
Of this, an extended written communi- 


continuous method of casting from tanks and and 


ject of much discussion. 
cation which was submitted and excerpts from the report of the 
session, follow. 


The author states a continuous ribbon 
The writer would like 
It is a question of great interest 


J. W. CrurksHank.! 
of glass is made of a width up to 10 ft. 
to ask where this has been done. 
whether glass can be rolled continuously from a tank in widths 
over 6 ft. Of course, theoretically, there is no limit to the width 
of the sheet produced by flowing glass from a tank and passing 
it through rolls, but in practice, based on the assumption that 
this process is similar to others, the width makes a great deal 
of difference. For example, in the annealing of glass in the 
leer and in the grinding and polishing on continuous tables, the 
difficulties increase enormously as the width is increased. 

Referring to the melting tanks in which the author states the 
glass is of satisfactory quality at the beginning of the run, but 
becomes less and less so as the blocks wear away, the writer 
would ask whether this deterioration in quality is entirely due 
to the wearing away of the refractory materials of the tank or 
is due in part to devitrification in the mass. He has never been 
able to understand how a good quality of metal can be produced 
from a continuous melting tank, although he knows it is done. 

The depth of the molten glass in a tank furnace is some 60 
in., and it has been demonstrated that only the surface is flowing. 
This would seem to indicate that poor and devitrified glass must 
at times rise up from the mass and get into the flowing stream. 
It would seem impossible to produce good glass continuously 
under these circumstances. The ideal way would be to keep 
a shallow flowing stream and use up all the glass that is in a mol- 
ten condition. 
possible unless some super-refractory can be provided which 
will resist the fluxing action of the glass materials. 

Devitrification is one of the most difficult things to contend 
with in a tank, and while good progress has recently been made 
in improving the materials so that there is less liability to devitri- 
This 
is more especially true in such machines as the Fourcault where, 
in the bath from which the glass is drawn, and in the channels 
leading to it, the temperature of the glass has to be reduced to 
the temperature requisite to produce the correct viscosity for 


Unfortunately, this is impracticable and im- 


fication, it is one of the enemies of the continuous process. 


1 J. W. Cruikshank Engineering Co., Pittsburgh, Pa. 
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the production of the sheet of glass. This is where the American 
Window 


process in that the temperature of the glass is kept well above 


Glass Company has a distinct advantage in its 
the point of devitrification, at which temperature the glass is 
ladled from the tank and removed in the ladle to the eylinder- 
forming machine. It is during the time the glass is in the ladle, 


and in the pot from which it is drawn, that it has a chance t« 


cool down to the correct temperature to give the required vis 
cosity for drawing. 

On the other hand, in the case of the Fourcault-ty pe process 
in which the glass is drawn directly from a bath in connection 
with the main body of the metal in the tank, the fact of cooling 
the glass in order to condition it to the desired viscosity for 
drawing, at a comparatively low temperature of below 1900 deg 
fahr., and the holding of it in a molten state at this temperature, 
tends toward devitrification. These conditions make a modifi 


cation of the batch necessary, with a proportionate reduction 


of the lime. The writer would like to ask if the same conditions 
are not encountered, to a lesser extent, in the rolling of sheet 
They at the Ford 


Motor Co. where they have to use a slightly softer batch than 


glass directly from the tank. are, he knows, 
in plate glass. 

The author did not mention the process of the Ford Motor 
Company for rolling glass from a tank. This is an extremely 
ingenious invention known as the ‘‘unconfined pool,”’ and the 
writer would like to draw attention to it as it is considered to be 
the pioneer process for the production of plate glass by the con 
tinuous method. The process is well known, and is open to gen- 
eral inspection at the plant at River Rouge. 

The Ford Motor Company in 1919 built a small glass plant 
at Highland Park, adjoining the Ford automobile factory, to 
experiment on methods of producing plate glass. The 
outcome of the experiments was the installation of a small melt- 


final 


ing tank furnace, and two lines of continuous traveling tables 
on which the glass was ground and polished. The idea was 
to produce automobile wind shields, cut to size in the rough 
plate, so that when the glass was ground and polished the result 
would be equivalent to finished shields. An 
amount of trouble was experienced with their tank, but eventu- 


wind immense 
ally, in the latter part of the year 1921, they were rewarded with 
a measure of success. 

The River Rouge Glass plant, built in 1922, consisted of an 
equipment of four melting tanks 78 ft. long by 16 ft. wide with 
a complement of continuous grinders and polishers. This plant 
was designed for the production of ten million feet of polished 
plate glass per annum. 
out in a continuous sheet 42 in. wide, which passes directly into 


The glass from these tanks is rolled 


and through an annealing leer, equipped with rollers, provided 
for each tank. 
flows through a narrow channel in which a sluice gate is pro 
vided. The volume of the flow is controlled by the level of th: 
glass in the tank. 
batch materials to the melting end of the furnace at carefully 
The mol 
ten glass flows from a refractory chute on to a comparativel: 
large roller 48 in. in diameter, which is the equivalent of a re 
volving casting table and is rolled out into a sheet by a smal! 
roller placed over it. The first apparatus used at the High 
land Park plant was actually a traveling casting table in the form 
of an endless belt with iron slabs connected by chains passing 


The glass delivered to the rolls from the tank 


This level is exactly regulated by feeding th: 


timed intervals so that the exact level is maintained. 


OcToBER, 1928 


The width 
of the sheet is controlled by the peripheral speed of these rollers, 
or the traveling casting table and its roller, and is a function of 
the rate at which the glass is flowing from the chute from the 
tank. 
if it becomes too wide, the rollers are speeded up by a delicate 
control of the electric motor. 


around sprockets with the roller revolving over it. 


The operator constantly gages the width of the sheet; 


it becomes 
This 
device is extremely ingenious and is described in U. 8S. patent 
No. 1,556,665 to Avery and Brown. An attempt was made to 
control the width automatically by electrical means. For this 
purpose small fingers or rollers were provided on each side of the 
the width of the sheet 
fingers caused electrical contacts to be established, which, operat- 


If, on the other hand, 
too narrow, the relative speed of the rollers is decreased. 


sheet; depending on variation in these 
ing through relay control, regulated the speed of the motor. 
This, however, was abandoned in favor of the former manual 
method of control. 

1,532,704, issued to Le Mare, as- 
signed to Pilkington Bros., England, very clearly illustrates the 


An interesting patent, U.S. 


action of the glass in its flow from a chute on to a traveling cast- 
ing table which, as noted above, has been replaced by a roll. 
Che object of this patent is to provide a method for keeping the 
edges of the sheet from becoming chilled; a precaution which 
would probably be necessary in a sheet of glass wider than that 
Ford Motor Company’s plant at River Rouge. 

The grinding and polishing of the 42-in.-wide rolled glass 


made at the 


from each tank furnace is done on two lines of tables, each travel- 
ing under a series of grinders and polishers. One of these lines 
is for grinding and polishing the first side and the other for finish- 
ing the second side. The tables, before they are coupled together, 
are 113.in. long. When first this plant was started the contin- 
uous sheet of glass coming from the annealing leer was cut into 
lengths of 113 in. and laid on the individual tables before they 
were coupled to the line. This method, which was employed 
for some time, was later changed in favor of laying the rough 
plate sheets in any convenient length on the moving line of 
coupled tables. The advantage of this latter system is that 
the glass is laid in any size in which it is cut for obvious defects, 
especially for stone which would cause the sheet to break under 
A further advantage is that when breakage oc- 
curs for any cause, pieces of glass do not have to be found of the 


the grinders. 


exact size to match up the broken pieces on the individual tables. 
rhe latter method of keeping the rough-plate sheets in as large 
sizes as possible is similar to that practiced in the plate-glass 
factories of the intermittent casting system, where sheets from 
200 to 300 sq. ft., 
minimum of cutting on the rough plate before the grinding and 


are produced. The object of performing a 
polishing is that obviously after the glass is transparent, de- 
fects can much more readily be seen. The author has described 
a very clever and unique arrangement of examining the con- 
tinuous sheet of glass as it travels from the annealing leer with 
the use of nicol prisms by which defects can be detected. He 
also states that the glass is cut in “standard lengths so that in- 
stead of having a big variety of sizes which it is necessary to 
grind and polish, practically all of the glass which goes into the 
grinding and polishing departments is of standard sizes.” It 
is evident from this statement that there are few defects found 
in the glass when examined at the end of the leer, and that most 
of it ean be cut to sizes which will afterward cut to best advan- 
tage in the finished product. 

The cutting of the polished plate glass at the Ford Motors 
Company is systematized to a high degree. The examiner 
makes an examination of the sheet, marks the defects and, in 
accordance with its quality, marks it off into sizes which are des- 
tined for wind shields, body glass, or shields for tractors. 

The method of handling the glass described by the author 
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in laying and removing it from the tables of the continuous 
grinders and polishers is very ingenious and well developed. 
However, it would seem that too much emphasis is being placed 
on the methods employed in the new system, for, with the ex- 
ception that in the grinding and polishing department the tables 
are continuously moving under the grinder and polisher heads, 
replacing the round tables and intermittent operation, there are 
many features in which there is little novelty. The grinders 
are the same with iron-shod runners using varying grades of 
sand and emery. The polishers have felt-covered blocks with 
circular runners the same as used in the round type of machines. 
The carrying of the glass sheets may be considered to have been 
one of the greatest improvements in the industry before the 
continuous system was thought of, and was of immensely greater 
benefit in the handling of the large sheets of glass some 12 ft. 
high by 20 ft. wide, than the handling of the smaller sheets in the 
continuous system which is only a matter of efficiency. A gang 
of sixteen men carrying a sheet of glass weighing some 1500 lb., 
formerly employed in the old system, was later replaced by a 
This 
The vacuum cups to re- 
move the sheets from the table were also developed and have 


traveling crane and a small clamp carrying the sheet. 
was a notable stride in the industry. 


been in use in most factories in Europe for a considerable time, 
and have also been used with a different form of apparatus in 
several plants in this country. The sand grading, and the dip- 
ping and cleaning of the glass were all previously in use, modified 
somewhat to suit the new conditions of continuous grinding. 

In regard to the question of the melting of glass in pots rather 
than the employment of the continuous melting tank furnace, 
the writer has long held the opinion, and it would appear that 
the author is in agreement, that the pot method is superior. 
There is some development going on at the present time with 
the continuous tank, and installations are being worked out in 
England and in continental Europe which the sponsors are con- 
fident will be successful. For this reason it is difficult to obtain 
from those conversant with the glass industry, any admission 
that the tank is not superior and has not more economic pos- 
sibilities than melting and rolling glass produced in pots. 

Plate glass, as the author has explained, has always been 
melted and refined in pots in pot furnaces, and, up to a few years 
ago, the average plate-glass superintendent and technical man 
has always maintained that it was impossible to produce the 
quality required by the use of the continuous melting tank. 
It- has now been demonstrated that this, to a certain extent, is 
a fallacy and the enthusiasts point to the window-glass and 
bottle-glass development as a precedent in the industry, where 
the same conditions prevailed at one time and the old-fashioned 
people connected with the industry believed that the pot was the 
only thing, more especially for glassware where high quality was 
the desideratum. However, in the plate-glass industry, the con- 
ditions are such that if by modern methods and the casting 
between rolls, such as the author has described, a thinner sheet 
of glass can be produced of approximately double the area from 
a pot, then the unit cost of the glass will be approximately cut 
in half. Some of the items of cost must necessarily be higher 
in the pot furnace than in the continuous melting tank; the con- 
sumption of fuel is undoubtedly slightly greater, and the cost 
of pots is a considerable item, but these differences are probably 
more than offset by the lower cost of repairs to the pot furnace, 
and the loss of glass and resulting increase of cost when the glass 
in the tank goes bad. In the case of pots there is always an 
opportunity to correct this bad quality when such develops, 
as each furnace is a unit in itself and each pot again a unit of the 
whole; whereas the tank, containing tons of metal, may have 
to be shut down, or an immense amount of glass drawn from it 
to correct the unfavorable conditions. 











The method of casting the pot of glass, pouring it between 
rolls forming a comparatively thin sheet of large area, and then 
cutting it up, was first introduced by Max Bicheroux in the 
factory of which he is manager near Aix-la-Chapelle, Germany. 
Mr. Bicheroux started with the idea of making a number of 
smaller sheets from a large one by the regular plate-glass proc- 
ess of rolling on a casting table and then cutting up the sheets. 
He later developed the system shown in Fig. 1 which is described 
in his English Patent No. 182,551 and also in U. S. Patent No. 
1,665,427 recently issued to Von Reis. 

Referring to Fig. 1, the upper inclined plane at the left is the 


tilting casting table or slab. Glass is poured from the pot on to 





























Fic. 2 


this slab when it is in an approximately horizontal position. 
This slab tips up and is connected to the upper roll so that the 
two tip together. The glass is thus delivered to the rolls which 
revolve and the glass is passed between them and delivered as 
a sheet on to this lower inclined plate. There is a table mounted 
on wheels which travels at the same speed as the glass sheet 
coming from the inclined slab which is delivered on to the table 
and picked up by it. The table continues to travel over toward 
the annealing leer, where it is pushed over toward the oven 
of the annealing leer into which it is pushed. Recent patents 
on this device show a roller in the upper casting table slab so 
that the glass is fed to the rolls. They also have a roller to help 
the glass down the lower inclined plane to the traveling tables. 

In the Ford process (Fig. 2), a chute leads from the glass-melting 
tank to a large roller. A small roller located above it rolls the 
glass against the larger one. The metal flows down continuously 
from the chute which is formed of refractory material, the flow 
being dependent on the regulation due to the level of the metal 
in the tank. The glass passes between the rolls and forms a 
sheet which passes to a series of rollers into the annealing leer 
through which it continually travels to the other end. The 
large roller is water-cooled, the water being kept always at the 
same level due to the fact the outlet at the other end of the roller is 
larger than the inlet on this side. The glass forms a pool from 
which the sheet is formed, the width of which is determined by 
the speed of the rolls and the quantity of glass that is delivered 
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from the chute from the tank. A man provided with a gage 
measures the width, and if there is a variation it is regulated 
by the electric control of the motor. 

The great point of saving in this system is the superiority 
of glass made in this manner, in that it is not only thinner, 
but has a more even thickness than the glass made by the old 
The 
saving resulting from these qualities is very considerable in the 


method, as well as being much straighter and flatter. 
grinding and polishing operation. Apparatus for rolling glass 
which is a modification of this system has been and is now being 
installed in several plants. 

Water N. OakKLey.? Some one has said that melting glass 
is analogous to melting ice in a vessel of sugar, and it is a fairly 
true analogy. Tank blocks in this service are made largely of 
clay mixtures composed of silica and alumina. As glass is highly 


reactive toward these materials at high temperature, a very 


serious corrosion problem exists. The temperature between the 
glass and blocks has to be accurately adjusted in order to mini- 
mize this corrosion. If the glass dissolves the blocks very badly it 
will spoil the glass. In order to minimize this attack the blocks 
are cooled on the outside and this in turn tends to cool the glass 
in the tank at the inside surface, and decreases melting rates 

Many attempts have been made to decrease this corrosion 
by adjusting clay mixtures so that they will have lower porosity 
and greater uniformity. Quite recently blocks were placed on the 
market which are cast from electrically fused mixtures. The 
porosity in this case is zero. These blocks wear at the rate of 
only a third of the ordinary clay blocks. Their use presents 
some very interesting possibilities to the glass manufacturers 


and users of processes involving molten materials. 


W. TRINKS. 
of the tank. 
the tank a machine, it has an efficiency of only 6 


In the paper mention was made of the efficiene 
Tanks are very inefficient now. If we consider 
eor 7 per cent 

I disagree with one statement made in the paper, namely, 
that in the Libby-Owens process the knurled rollers are ther 
for the purpose of rolling down the glass. In this process th 
water cooling produces a stiff beam of glass which has sufficient 
strength against bending so that between the edges where the 
is that 


knurls are they roll the glass thinner; the final result 


the edges are a trifle thicker. The difficulty is to have the glass 
cold enough when it reaches the roller so that it will not be de- 
formed too seriously and not lose its fire polish, and yet have it 
soft enough so it will bend over the roller without breaking o1 


cracking. 


W. L. ABsporrt.* 


pared with other industries which are mucl 


Glass making is a very old industry as com 


Glass 


) 


larger. 
makers are still groping with fundamental problems, and why‘ 
It is because they do not attend professional society meetings 
and freely interchange ideas as the steel men, the steam men 
and the electric men do. They prefer to keep their troubles 
and their successes carefully guarded within their own walls 
and not to seek aid of their neighbors who have the same troubl 
and the same problems. It seems to me that if they would 
interchange information about what they have achieved ani 
where they have failed that they would soon attain the success 
which has been experienced at the River Rouge Plant, wher 
the advancement has been phenomenal. 





2 Corning Glass Works, Corning, New York. 

3 Professor of Mechanical Engineering, Carnegie Institute 
Technology, Pittsburgh, Pa. Mem. A.S8.M.E. and Chairman 
Session. 

4 Chief Operating Engineer, Commonwealth Edison Co., Chicag 
Ill. Past-President A.S.M.E. 




















SURVEY OF ENGINEERING PROGRESS 


A Review of Attainment in Mechanical Engineering and Related Fields 





AUTOMOBILE ENGINEERING 
An Oil-Controlled Gear Shift 


MHIS 
mounted radially within an oil-filled evlindrical casing through 


device consists of a number of oil-pump cylinders 
which the driving shaft is connected and having pistons operated 
by connecting rods from a crank driving shaft. The action of 
the pistons draws oil into the cylinders, and this oil is either pre- 
vented from escaping, to obtain a positive drive, or permitted to 
escape at any required rate to cause relative slip, which is equiva- 
lent to gear reduction between the driven and driving shafts. 

The device is the invention of Edmond Moglia, of Suresnes, 
and the Anglo-Continental Export and Import Syndicate, Ltd., 
of Paris 

As shown in Fig. 1, the trial unit has eight cylinders arranged 
radially in pairs with connecting rods attached to two cranks set 





Fig. 1 


MogGuia O1r-CONTROL GEAR SHIFT FOR AUTOMOBILES 
it 180 deg. on the driving shaft. It might be thought that four 
evlinders would have been sufficient and preferable from the point 
f view of cost, but under test it has been found that a greater 
number are needed to obtain a drive without torsional vibration. 
In the top of each cylinder is an inlet port and non-return valve 
through which oil can enter but not escape. On the side of each 
cylinder near the top is an oil outlet port that is opened or closed 
by partial rotation of a control ring. These rings are formed 
with teeth on one side, and those on adjacent cylinders are in 
constant mesh, and thus can only be rotated in unison though in 
opposite directions. The rings of one set of cylinders have pro- 
jecting pins engaging with the outer ends of centrally pivoted 
levers, the inner ends of which engage with a striker plate 
mounted on the end of asleeve. On the sides of the sleeve are cut 
two inclined slots, engaging with which are pins on an internal 
shaft that can be moved axially by a pivoted striker fork engaging 
with a grooved collar on the end of a shaft and operated by the 
change-speed control lever. By these means the striker plate is 
partially rotated, and the movement is conveyed by the pivoted 
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levers to turn the oil outlet-port control rings to regulate the 
release of oil in the cylinders. The full movement of the ring 
The slotted sleeve and sliding shaft are en- 
closed within a steel tube, which is flanged and bolted to the 
rotating cylinder housing and transmit the drive to a simple 
forward and reverse bevel gear controlled by a separate lever. 


is about 45 deg. 


The control mechanism is enclosed in a stationary housing and 
both the driving and driven shafts are mounted on ball bearings. 

When the control rings are turned to such a position that the 
outlet ports are open, the driving crankshaft will rotate without 
the cylindrical casing, since the reciprocation of the pistons is not 
opposed, the oil being merely pumped in and out of the cylinders. 
It will be seen that the ports in the cylinders and rings are pear- 
shaped, so that when the rings are turned the rate of oil release 
is progressively reduced; thus, as the rings are turned by move- 
ment of the control lever, at first the oil release is only slightly 
restricted, and offers small opposition to the reciprocation of the 
pistons, so that the casing is rotated very slowly in relation to the 
driving shaft. Further movement results in increased opposition 
and therefore reduction in the difference between the speed of the 
casing and the shaft. Finally, the oil outlets are entirely sealed, 
so that the oil is entirely imprisoned, and, as it is incompressible, 
the pistons cannot move in the cylinders, so that the casing is 
driven around at the same speed as the driving shaft. (Motor 
Transport, vol. 47, no. 1221, August 6, 1928, p. 164) 


ELECTRICAL ENGINEERING (See also Power- 
Plant Engineering: Electric Steam Generators) 


The Accupile Storage Battery 


HIS is a French battery designed to reduce as much as possi- 

ble the internal action. This was done by devoting special 
attention to the negative plates and involved the use of raw 
materials of special purity, the form of building up the grids, 
the preparation and formation of the active material, and finally 
the special mounting of the electrodes in the cell itself. The 
latter is of glass of sufficient thickness to obviate any risk of 
fracture. The electrodes are of considerable thickness and are 
spaced at a greater distance apart than usual in order to pre- 
vent short-circuiting owing to any breaking away of the active 
material. The bases of the electrodes rest on glass blocks, which 
also serve to prevent short-circuiting by any deposits of active 
material. The cells are hermetically sealed by a cover on which 
a special composition is run, which is only broken by the ter- 
minals and by a plug for the admission of acid and the escape of 
The dimensions of the cell are such that there is a large 
reserve of electrolyte above the plates, while as the terminals 


gases. 


are non-corrodible the cells can be relied upon to function for 
long periods without attention. 

In a table is given a capacity which corresponds to a discharge 
rate varying from 1000 to 2000 hr. It is claimed that the elec- 
trodes normally lose less than 15 per cent of their capacity during 
three months and only about 30 per cent in six months. The 
cells can, therefore, be used in cases where they can be recharged 
at most twice a year. Discharge curves are given in the original 
article. (The Electrical Review, vol. 103, no. 2644, July 27, 
1928, p. 145, 1 fig., d) 
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ENGINEERING MATERIALS 
Nickel Aluminum Bronze 


HE AUTHOR finds that bronzes containing 10 per cent 

of nickel and 2 per cent of aluminum may have their proper- 
ties greatly improved by a special heat treatment. In the case 
of forged bars the hardness rapidly increases by tempering at 
600 deg. cent. (1112 deg. fahr.) after quenching in water or liquid 
bath under 400 deg. cent. (752 deg. fahr.). The mechanical 
properties of such a bar have been found to be as follows: ten- 
sile strength, above 50 tons per sq. in.; yield point, above 35 
tons per sq. in.; and elongation, above 25 per cent in2in. (Tok- 
iji Ishikawa, Journal of the Society of Mechanical Engineers, 
Japan, vol. 31, no. 134, June, 1928, pp. 215-233, illustrated, 
in Japanese, e) 


FUELS AND FIRING 
The Atkinson Rotary Furnace 


HIS furnace has been developed for firing Lancashire and 

water-tube boilers, particularly the former, and is said to have 
been operated for a considerable period of time before being 
placed on the market. Its first industrial installation was made 
in October, 1926, at the Sherdley Works of the United Glass 
Bottle Manufacturers, Ltd., St. Helens, England. 

The rotary furnaces for each flue are mounted upon a common 
carriage. The furnace is constructed of mild-steel plate lined 
with cast-iron fire bars, and is given a slight inclination from the 
boiler toward the end from whence the clinker is discharged. The 
front ends of the boiler flues are lined with firebrick for a distance 
of 18 in., and into this lining is built a fuel dam which prevents the 
fuel passing from the feed hopper into the boiler and directs it 
into the furnace chamber. The furnace makes one revolution in 
3 min. The fan supplying the blast is driven from a separate 
motor. The total power actually taken to drive the furnace 
feed gear and fan is from 4!/, to 4'/2 b.hp. 

However, exhaustive and independent tests show that when 
burning South Lancashire slacks of a calorific value of about 
11,000 B.t.u. the efficiency of the boiler alone was 70.1 per cent; 
the efficiency, therefore, if economizer and superheater are included 
would certainly exceed 80 per cent. This remark- 
ably high efficiency is due to a combination of cir- 
cumstances. The constant movement of the fuel in- 
sures a constant depth and density of the fuel bed, so 
that the highest possible thermal efficiency is obtained; 
indeed, under the conditions specified, up to 17 per 
cent CO, readings have been maintained. There 
being no interruption due to cleaning fires, evapora- 
tion is regular and constant. The rolling movement 
due to the constantly changing position of the fuel 
bed tends to ball the finest fuel, and at the same time 
raises combustion to a point when no black smoke is 
formed. 

In this furnace the fuel is drained slurry, which 
contains 30 per cent of ash on the dry basis, and, as fed 
to the boilers, approximately 32 per cent of moisture, 
the calorific value of the fuel being 5600 B.t.u. For 
the time being these furnaces are hand-fired, as ob- 
viously no form of chute would automatically deliver 
such material. A special apparatus is being designed 
for the purpose of mechanical firing. The boiler has 
an approximate evaporation of 8000 Ib. per hr. at 150 
lb. pressure, and the furnaces will burn up to approxi- 
mately 19 cwt. per hr., the average combustible 
matter in the dry clinker being 8 per cent. 
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Another unit has been installed at the Old Boston Colliery, 
likewise at St. Helens. (The Iron and Coal Trades Review, vol. 
117, no. 3149, July 6, 1928, pp. 4-5, 4 figs., d) 


Diamond-Shaped Powdered-Coal Furnaces 


A STIRLING boiler unit has been changed over to pulverized- 


coal firing under conditions which require an unusual 


method of solving the problem. The original furnace shown in 
Fig. 2 was installed in a 6110-sq. ft. 
double D-type overfeed stoker. 


Stirling boiler, having a 
This was changed over into a 
pulverized-coal furnace shown in Fig. 3. The diamond shape of 
furnace was developed somewhat by force of necessity, but is 
believed to possess some merit of its own, particularly in con- 
nection with existing plants. The furnace is 15 ft. wide from side 
to side of the boiler, approximately 18'/. ft. deep measured along 
the line of flame propagation, and approximately 12'/, ft. from 
the front bank of tubes to the front wall. It has 


3384 cu. ft. or 0.55 cu. ft. per sq. ft. of original boiler heating 


a volume of 
surface. The bottom and two of the faces of the furnace interior 
are water-cooled, two are air-cooled, and two are solid. The unit 
has been in operation over 1'/, years without requiring furnace 
maintenance except for approximately $40. During this period 
an average rating of 200 per cent has been maintained, with daily 
peaks of several hours’ duration at 240 per cent during the 
winter season 

Experience with this bottom shows that water cooling with 
plain tubes of extra thickness is effective, comparatively cheap, 
may be applied to almost any surface, and that pure water is not 
required. thick and of 
first-class construction is $3 to $4 per sq. ft. of surface. 


The cost of solid firebrick walls 22'/, in. 
The more 
elaborate types of air-cooled walls complete with insulation have 
been running $7 to $9 per sq. ft. Water-cooled walls (or bottoms 
installed with plain tubes and without frills run but little more 
in cost than the best air-cooled walls when all elements of the 
cost of the job are considered. In some cases the writer believes 
the water-cooled job may be of the lesser cost. 

With 
little trouble, the internal arrangement of the machine may be 


The Atrita unit pulverizer was used in this installation. 


modified to give considerable changes in the characteristics, 
particularly the fineness-capacity curve. 
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The life of a set of moving pegs was found to be approximately 
6000 tons of coal, and the variation in fineness of the coal from 
new to old pegs is generally not more than seven or eight points 
on the 200-mesh An illustration in the original 
article shows the uniformity of the wear of the pegs in proportion 
to the tons of coal pulverized to approximately 
through 200-mesh. 


Tyler screen. 
70 per cent 


The actual maintenance cost of the pulverizer as now installed 


is 4.6 cents per ton of coal, including labor, with repair parts 
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averaging about 15 cents per pound. In any pulverized-coal 


installation the interlocking relationship of the kind of coal, the 


fineness, the capacity, the wetness of the coal, and the power 
required is not lightly to be dealt with. 

In the writer’s experience some coals require twice as much 
power to pulverize to a given condition as others, hence the pul- 
verizer should be fitted with considerable care to the particular job. 
A table giving results of tests and information as to the coal 


(Guy B. Randall 
, August 28, 1928, pp. 346-350, 11 figs., de) 


used is included a the original article. 


Power, vol. 6S, no. 
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HYDRAULIC ENGINEERING (See Mechanics) 
HYDRAULICS 


Mechanical Reliability of Hydroelectric Units—Propeller- 
Type Turbines 
ATA for 1926 as compared with previous years show an 
increasing use of hydraulic power and an increasing relia- 
bility as indicated by the smaller range of outage-time percentages. 
[t would appear also that there is a downward trend in outage 
toward the higher ratings of the units. 

For the first time in these reports data are published regard- 
ing propeller units. In this case the propeller unit listed is rated 
at an output of 30,000 hp. It is of the vertical type with one 
runner to operate at a head of 60 ft. and at 120 r.p.m. It was 
installed in 1924. (Serial Report of the Hydraulic Power Com- 


mittee, 1927-1928, Engineering National Section, National 
Electric Light Association, issued in July, 1928, 13 pp., including 


6 tables and 3 figs., s) 
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MARINE ENGINEERING 
One Pound of Coal per Indicated Horsepower per Hour 


POUND of coal per indicated horsepower per hour was 
regarded as the ideal toward which all marine-engine 
builders and operators directed their efforts. It is remarkable 
that only quite recently has it been approximately reached in two 
cases, namely, 
George V 


those of the high-pressure turbine steamer King 
and the high-pressure triple-expansion-engined ship 

Borneo, Still more recently, the figure is said to 
i] have been actually obtained by the ‘‘Beaver” 
t u cargo liners of the Canadian Pacific fleet. 
al the results of turbine ships are concerned, further 
In the case of the King 
for instance, the relatively small power of 


class 


So far as 


5 ve improvement is certain. 

4 I George V, 
=f the installation is divided into no less than seven 
turbines, and there is no doubt that the same type 
4 of installation of 10,000 to 20,000 hp., 
the same feed circuit, the same boiler pressure and 


employing 


temperature, would give an improvement of some 
a 15 to 20 per cent. 
results obtained in the Canadiar 


Pacific ships were realized with a moderate boiler 


The very fine 


pressure of 250 Ib. per sq. in. and a steam tempera- 
ture of 650 deg. fahr. (Editorial in Marine Engi- 

ering and Motorship Builder, vol. 51, no. 612, 
August, 1928, p. 282) 


The Beardmore-Caprotti Valve Gear 


N A recent issue of MECHANICAL ENGINEERING 
(August, 1928, p. 638) a description was given 
of the 


tives 


Caprotti valve gear as applied to locomo- 
It has now been adopted for marine pur- 
and Beardmore & Co., Ltd., have recently 
applied the system to a number of vertical triple- 


poses, 


expansion marine engines 
The main feature of the Beardmore-Caprotti valve gear con- 
sists in the substitution of poppet valves for the ordinary slide 
valves. There are four 
steam-admission valve and one exhaust valve being arranged at 
the top end of the cylinder and similar valves arranged at the 
bottom end of the cylinder, 


yoppet valves to each cylinder—one 
I I i 


The valves are at the ends of rocking 
cams arranged on 
itself is rotated by 


levers, these levers being in turn operated by 
a rotary The camshaft means 
of a vertical shaft which gears with the main crankshaft in much 
the same manner as that adopted for the camshaft drive of the 
Diesel engine. The four valves of each cylinder are controlled 
by three cams, two of these cams being for the admission valves, 
one of which controls the opening and the other the closing of 
the valves, imparting to the rocking levers a compound motion 
obtained from both cams. The third cam controls both the open- 
ing and the closing of the two exhaust valves. All the cams are 
fitted loosely on the camshaft and are driven in such a way as to 
permit of alterations in the cam’s position relative to the cam- 
shaft. This relative movement of the cams is carried out by 
means of a simple hand-control gear which is led down to the 
starting platform. The cams run in an oil-tight bath which 
is located near the cylinders and as close as possible to the oper- 
ating gear for the valves. The valves, being of the balanced 
double-beat type, require very little power for their operation, 
and, as a consequence, all the operating gear is of comparatively 
simple and light construction. Due to the elimination of the 
link motion, the total overall length of the new engine is reduced 
by an amount equal to 25 per cent of the ordinary engine, and 
there is also a considerable saving in weight, amounting to ap- 
proximately 15 per cent. 


camshaft. 
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The most important advantages of this valve gear are in re- 
spect to. steam consumption with both saturated and superheated 
Separate steam and exhaust passages are provided at 
both ends of the working cylinder which decrease the conden- 


steam. 


sation losses and reduce to a minimum the clearance volume 
The valves need no lubrication and are 
therefore particularly suited for use with highly superheated 
The throttle valve is always full open, the speed of the 
engine being controlled by varying the point of cut-off; conse- 
quently no wire-drawing takes place and as the compression is 


and all waste spaces. 


steam. 


always constant, an almost ideal steam diagram is obtained and 
the looping of the diagram is entirely avoided. This is shown in 
Fig. 4, which gives indicator diagrams taken during the trials of 
the S.S. Diamond. 


As an illustration of the installation of engines of this character 
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it will be found that when the velocity of flow is extremely small 
the flow lines show a double symmetry with respect to the vertical 
planes passing through the axis of the cylinder. Of these planes 
one is normal to the direction of flow and the other parallel to it. 
As the velocity increases, the aspect of the wake in the horizontal 
plane becomes like that of Fig. 5. The flow lines are no longer 
symmetrical with respect to the plane passing through the axis of 
the cylinder in the direction parallel to that of flow. Back of the 
obstacle there are found two curves showing the presence of 


singular points (Fig. 6) which the authors call @ and 8. The 
greater the velocity, the more these curves are elongated. This 


corresponds to the Poiseuille laminary state in the wake of the 
obstacle. 

Beginning with a certain velocity Vo, one observes the forma- 
tion of whirls first on one side and then on the other side of the ob- 
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may be mentioned 8.8. Authority. She has been built for carry- 
ing oil in bulk and has a length of 180 ft. She is propelled by a 
single triple-expansion engine fitted with Beardmore-Caprotti 
valve gear, steam being supplied by a coal-fired boiler. The 
main engines have cylinders 13.5 in., 22 in., and 37 in. in diameter 
with a positive stroke of 26 in., and are designed for a speed of 
100 r.p.m. at 9 knots surface speed and to attain 10 knots when 
trials are being made. 

The Beardmore-Caprotti valve gear is applied to all of the 
cylinders of the main engine and uses separate double-beat drop 
The cut-off is variable 
through the complete range of powers, both ahead and astern, 
and is altered equally in all of the cylinders. The arrangement 
allows the location of the drop valves for admission and exhaust 
to be on the side of the cylinders, reducing the length of the 
cylinders to 10 ft. where it would have been about 12 ft. with the 
normal type of valve. (Marine Engineer and Motorship Builder, 
vol. 51, no. 612, August, 1928, pp. 298-301, d) 


valves to control admission and exhaust. 


MECHANICS 
Benard-Karman Alternate Whirls 


F A FLUID with a kinematic coefficient of viscosity u/p is 
made to flow around an obstacle, such as a vertical cylinder 
having a circular base, and the different aspects of the wake of 
the liquid are examined for various gradually increasing velocities, 








Diamond 


ENGINB, 3.5. 


THE BEARDMORE-CAPROTTI 


stacle, which whirls are carried away by the velocity of the flow- 


ing fluid and take positions along two parallel lines. This is the 


so-called “whirl street of Bénard.”” The presence of these whirls 
characterizes a new state which by analogy with flow in pipes 
may be called the turbulent state. Previous investigations do 
not seem to give a clear conclusion as to whether the law of dy- 
namical similitude applies to the case of alternate whirls, and 
hence does not permit determining whether there is a well-defined 
Reynolds number indicating the creation of the turbulent state 
Bénavd answers this 
question negatively, but his work dealt with whirls produced in 
a free surface. 


in the wake of a submerged obstacle. 


The present authors undertook to investigate 
the same phenomenon within a liquid mass. 

To do this they have compared the flow characteristics of 
Liquid I, plain water, and of Liquid II, a solution of sugar in water, 
having different kinematic coefficients of viscosity but the sam 
temperature. The obstacle used was a vertical cylinder 3.5 mm 
in diameter, and from this test they came to the conclusion that 
the Reynolds similarity applies to the case of alternate whirls 
Among other things, they have used an interesting method o! 
observation which might be called that of luminous fringes 
Small pieces of aluminum foil were immersed in the flowing 
water. These pieces act as little mirrors and appear brilliant] 
illuminated when the normal to the surface of the foil bisects the 
angle formed between the incident rays and the line from the foil 
to the observer's eye. Hence every time the small pieces of foil 
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in their movement become parallel to a given direction, they 
In this way luminous bands are obtained 
The period 
of the whirls is measured by the shortest period of illumination 


become brilliant. 


which can be observed by a stroboscopic method. 
for which the bands appear stationary. In this way it is found 
that much higher frequencies can be measured than by direct 
observation. 

The initial experiments were made in a fairly small vessel and 
it was found that the action of the walls exerted an appreciable 


effect on the results obtained. A new series of experiments were 





Fig. 5 


WAKE OF A CYLINDER IN LAMINARY STATE IN OIL. 
@ AND 8 CURVES 


In this 
series of experiments the diameters of the cylinders varied from 
1.70 mm. to 11.90 mm. 

In this case it was again found that the laws of dvnamical simil- 


therefore undertaken where this factor was eliminated. 


itude apply to the flow of the liquid. Further tests were then 
made to determine whether there was a unique critical number 
Ry, which would mark the beginning of the creation of a turbulent 
state in the wave of a submerged obstacle, that is, the distinct ap- 
pearance of alternate whirls. When the obstacle is of a small 
diameter, the appearance of these whirls is manifested by the reac- 
tion exerted by them on the wake which first is rectilinear and 
When 
however, the obstacles are of fairly large di- 
10 mm. (0.4 in.), the period of 
transition corresponding to the passage from 


then suddenly becomes undulatory. 


ameter, Sav, 


the Poiseuille state to a turbulent state is of 
appreciable length. This is easily explained, 


however, by the fact that the duration nec- 


ge 
go 


essary for the establishment of a state must, 


according to the law of similitude, satisfy 


the equation 


BIB a . D? 


0. D2 





Fic. 6 ScHe- 
MATIC VIEW OF 
SINGULAR- POINT 
CURVES @ AND 8 


10 mm. in diameter 
The critical 


For obstacles from 1 to 
this ratio attains a value of 100. 
velocities obtained experimentally for each ob- 
stacle as well as the knowledge of the vis- 
osity of the liquid have permitted the authors to determine for 
each case the value corresponding to the Reynolds number Ro. 
rhey have therefore been able to establish that this number is 
unique and that under the conditions of their experiments, its 
value lies between 47 and 48, which corresponds to the Strouhal 
parameter Sy = 0.117 (the Strouhal parameter being equal to 
D/VT). 

In order to study the rise of the turbulent state a method was 
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found by means of which, by the introduction of a whitish pre- 
cipitate, it became possible to observe the various curves. The 
figures in the original article show the appearance of the wake 
during the Poiseuille state. As the speed increases, curves pro- 
gressively appear, being shown by the precipitate continuously 
detached from the obstacle. When the turbulent state is at- 
tained, a rather complicated phenomenon takes place and a new 
permanent state is established which is characterized by a dif- 
ferent system of curves analogous in general to the preceding one, 
but the curves are more extended. As the turbulent state is at- 
tained, there appear at the end of the a and £ curves alternately 
on either side, small deformations of the lobes. These lobes 
The tail of the wake, which 
was in a motionless state until that time. begins to oscillate 


show up more and more distinctly. 


lightly, and the curves @ and 8 become deformed more and 
more. 

On the whole, the investigation would appear to indicate that 
alternate whirls present merely one aspect of a more general 
periodic phenomenon which exists from the beginning of the flow 
but does not appear clearly visible except under well-determined 
conditions defined by the value of the critical number. In this 
connection tests were made with the object of determining the 
coefficient of resistance of cylinders immersed in flowing water. 
The curves obtained, which represent a variation of resistance 
practically in a line function of velocity of flow, show also that 
this resistance does not undergo any sudden variation when the 
Poiseuille state changes to the turbulent state. 

Among the general conclusions arrived at it is stated that the law 
of dynamical similitude of Osborne Reynolds applies to periods 
of formation of alternate whirls produced under the conditions 
defined above, and further that there is a unique Reynolds number 
R, for similar obstacles, this number indicating the appearance of 
clearly defined alternate whirls. The vibration of rods held at 
one end makes it possible to discover in the zone of velocities 
corresponding to the Poiseuille state a periodic phenomenon 
controlled by the same law that controls the alternate whirls. 
The Strouhal curve seems to pass through the origin and its shape 
does not reveal any particular feature indicating the passage 
from the Poiseuille state to the turbulent state. (P. Dupin and 
M. Teissie-Solier in Révue Générale de I’ Electricité, vol. 24, no. 2, 
July 14, 1928, pp. 53 to 60, 10 figs., e) 


NATIONAL DEFENSE 
‘‘The Frolicsome Battleship”’ 


HIS is a continuation of an article, ‘The Battleship Bubble,” 

abstracted in MECHANICAL ENGINEERING, September, 1928, 
page 713. In the article the author attempts to 
prove that the battleship is essentially incapable of such rapid 
maneuvers as would permit it to dodge bombs dropped by air- 
craft. 

The most modern American battleships are the Maryland, 
Colorado, and West Virginia, with a normal displacement of 
32,600 tons, full load of 33,590 tons, length overall of 624 ft., 
beam or width of 97 ft. 3'/2 in., and maximum draft of 31 ft. 
7in. In other words, in order that a battleship of the Maryland 
class may float upon the surface it must displace 33,590 tons of 
water—an area of water 600 ft. long, at the waterline, by 97 ft. 
wide, and 31'/, ft. deep. The underwater area of the hull is 
about 72,000 sq. ft. z 

This is a tremendous amount of water, and a tremendous area 
of steel surface which must be driven through the water. For 
as the ship proceeds for a distance of 600 ft. it must displace 
33,590 tons of water ahead of it, while 33,590 tons of water closé 
in behind it. 


present 
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The battleship’s speed varies from about 21 knots for such mod- 
ern American vessels as the California and Tennessee, to 23 knots 
for the Nelson and Rodney, the latest British battleships. Battle 
cruisers, such as the British Hood, have of course a very much 
higher speed. The maneuverability of a battleship is, however, 
very low and, according to official data, a battleship will attain 
12 knots from stopped in from seven to ten minutes, and by stop- 
ping her engine, a battleship takes about twenty minutes to reduce 
from 12 to 2 knots. According to the same official source (the 
British Admiralty’s ‘‘Manual of Seamanship’) a battleship at 
21 knots with 35 deg. of helm will have that speed reduced to 
47 per cent at 16 points. This means that when the battleship 
has turned a “right-about’’ her speed will be less than half what 
it was before she started the turn. The reason for this loss of 
speed in making a turn is as follows: A battleship of the size of 
the Maryland, as stated above, displaces 33,590 tons of water. 
When the ship is going straight ahead, the only resistance is 
due to the cross-section of her hull and the suction behind the 
stern, which is more or less streamlined. When the rudder is 
put hard over to starboard, the stern will be forced over to port, 
which requires water to be pushed out of the way; and the water 
will rush in on the starboard to take up the space of the water 
pushed out. Simultaneously, the starboard bow will push water 
out of the way; and the water will have to rush in on the port 
bow to take its place. Of course, this increases the ship's re- 
sistance to the water, for it throws one end of the ship one way, 
and the other, the other way; both the bow and the stern have 
to push water out of the way, and then have a suction on the other 
side against it to fill up the vacuum made by the turn. Con- 
sequently the ship is slowed down to less than half her straight- 
way speed. 

The remainder of the article is devoted to a discussion of the 
other difficulties of dodging a maneuver of battleships in line 
formation. The author cites examples which would illustrate 
that under this condition, practically no zig-zagging or change 
of formation is possible unless carried out very slowly and under 
the most (Cy Caldwell in Aero Digest, 
vol. 13, no. 2, August, 1928, pp. 223-225 and 348, 350, 352, 
354, and 356, g) 


favorable conditions. 


POWER-PLANT ENGINEERING (See also Fuels 
and Firing) 
Electric Steam Generators 


A 'T THE present price of coal, electric boilers can be operated 

economically only on secondary power. Secondary power 
might be defined as: (1) power that has been developed but not 
yet sold for commercial use; (2) off-peak power that cannot be 
marketed for commercial purposes. In the development of a hy- 
droelectric plant the cost per kilowatt is often less if the entire 
plant is constructed at one time, rather than a part at a time to 
keep pace with the growth in load. If the cost per kilowatt is not 
too high the surplus power, if used for the generation of steam, 
will earn sufficient revenue to pay the fixed charges in the addi- 
tional investment. Thus, if boiler load is available, a large gen- 
erating station can be constructed, and fully loaded as soon as ‘it 
is ready for operation. 

On power systems depending only on water power it is neces- 
sary to limit the prime power sold to an amount corresponding 
to the minimum flow of the steam or streams. All power capable 
of being generated at any time above this amount may be sold 
as secondary power. Also, most power systems are subject 
to a considerable drop in load at night. The spare capacity 
available at such times can be made use of for the generation 
of steam. 
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The rate of which electric power must be sold to compete 
with coal is given by the formula 
1.66C 
Be 


R = 


in which R is the rate in dollars per kilowatt-hour, C is the cost 
per short ton of coal delivered on the grates, B is the B.t.u. per 
lb. of coal, and e is the thermal efficiency of the coal-fired boilers. 

The efficiency of the electric boiler is taken at 87 per cent in 
this formula. 

With coal at $6.25 per ton, a heating value of 13,000 B.t.u. 
per lb. and a boiler efficiency of 78 per cent; the corresponding 
rate of electric power would be 1.02 mills per kilowatt-hour. 
(C. R. Reid, Shawinigan Water and Power Co., Committee 
Report to Canadian Electrical Association, abstracted through 
The Electrical News, vol. 37, no. 13, July 1, 1928, pp. 42-43, Pp) 


The Padiham Power Station 


(THE Padiham (England) Station of the Lancashire Power Co. 

is a comparatively small unit. It is situated on the outskirts 
of the town of Padiham on the River Calder, and has been ar- 
ranged for an ultimate plant capacity of 60,000 kw., of which 
about half has been actually installed. It is quite remarkable 
because of its thermal efficiency of 20.61 per cent as a year's 
average, and because of the fact that this efficiency has been at- 
tained not only in a comparatively small plant but in a plant of 
remarkably simple and cheap design. In most modern plants, as 
stated in an editorial in The Engineer, July 27, 1928, one may 
say broadly that greater efficiency has been sought by following 
theoretical considerations so far as the courage and the purse 
of their owners would allow. 

Padiham was built on the idea that a higher and more con- 
sistent efficiency could be obtained by minimizing every possi- 
bility of trouble and loss rather than by resorting to special 
pressure, temperature, heat cycle, method of combustion, and 
the like. 

It is not claimed, of course, that the use of higher pressures, 
What Padi- 


ham has done is really to demonstrate the extraordinary poten- 


temperatures, and special devices is wrong in itself. 
tialities of a simple plant. The design has been dominated by 
two considerations: First, to make continuous good operation 
as easy as it could possibly be made; and second, to eliminate 
every feature calling for an unwarranted degree of care ani 
attention from the operating staff. 

The ultimate boiler equipment will consist of sixteen boilers 
arranged in two boiler rooms side by side. At present only one 
boiler house is constructed containing six boilers——four on one 
The boilers are of 
the old Babcock & Wilcox stationary type, exch with three 
longitudinal drums. The working pressure is 10 higher than 
250 lb. per sq. in. and the temperature of the steam at the super- 
heater outlet does not exceed about 620 deg. tahr. 


side of the firing aisle and two on the other. 


A rating 
of less than 3.8 lb. of steam per sq. ft. has been adopted, a recog- 
nition of the fact that easy steaming tends to efficient operation. 
Excellent lighting and ease of access and supervision are said 
to have been successfully achieved. 

The engine room has two turbine units, each of 7500 kw. 
maximum continuous rating, and one of 15,625 kw. maximum 
continuous rating. The larger machine runs at 1500 r.p.m. 
and the two smaller machines at 3000 r.p.m. The auxiliary 
plant comprises three circulating pumps, each capable of dealing 
with one-third the water required by the two condensers. This 
arrangement permits the use of smaller and more efficient pumps 
than would otherwise be the case, and in the event of the break- 
down of one circulating pump there still remain two-thirds of 
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the total pumping power available. Two of the pumps are driven 
by direct-current motors and the other by a variable-speed 
alternating-current commutator motor. 

Steam is delivered to the main line at a gage pressure of 250 
lb. per sq. in., and at a temperature of 620 deg. fahr. It ex- 
pands in the main turbines to a vacuum usually between 29.3 
in. and 29.4 in. The condensate, at a temperature in the neigh- 
borhood of 70 deg. fahr., is raised to about 120 deg. fahr. in a 
closed heater situated between the boiler feed pumps and the 
economizers. The heating is effected by exhaust steam at atmos- 
pheric pressure, coming from the Allen auxiliary engines which 
provide the auxiliary direet-current supply, and from the steam- 
driven boiler feed pumps. The amount of exhaust steam can 
be varied to suit the quantity of condensate at any time by chang- 
ing over the auxiliary motors or station lighting from one system 
to another, or by running either the steam or the motor-driven 
feed pumps. The steam supply for the Allen reciprocating sets 
is taken from a separate main in which the temperature of the 
steam does not exceed about 500 deg. fahr. This steam is ob- 
tained by tapping the superheaters at intermediate points. 
There is no deaerating plant, the condensate leaving the conden- 
sers practically air-free and passing to a covered hotwell from the 
bottom of which it is drawn by the feed pumps. The hotwell 
is sealed by steam admitted above the surface of the water and 
escaping through a small vent hole. As the hotwell is at atmos- 
pheric pressure, and its temperature is only about 70 deg., there 
must, of necessity be an enormous preponderance of air in the 
vapor above it. It is found, nevertheless, by daily tests that the 
free oxygen in the feed does not exceed about 0.15 ce. per liter 
a proportion as small as that usually obtained by 
deaerating plant. 


a special 
The explanation no doubt is the quiescence 
of the water in the hotwell and the fact of the inlet and outlet 
both being at the bottom prevent any aeration of the surface 
layer of water from affecting the main flow through the tank. 
The make-up water is not obtained by evaporation, but from the 
river, and is treated first by the lime and soda process, and then 
Its ultimate 
condition is that of zero hardness and slight alkalinity. So 
thorough is the treatment that blowing down of the boilers only 
amounts to a few inches per month, and in spite of this they are 
kept so clean internally that a brushing out once a year is all the 
cleaning they need. 


DY the zeolite process before entering the system. 


There are indeed no mechanical tube 


cleaners at all in the station. 

The results of operation for twelve months ending March 31, 
1928, for five months from 1927, to March 31, 
1928, and for one month, March, 1928, are given in a table in 
the original article 


November 1, 


The figures are remarkable. The overall 
thermal efficiency is 19.82 on units delivered, or 20.61 on units 
generated based on a year’s operation. These results are still 
more interesting when the cost of construction is considered, 
which in the case of Padiham is £12 7s. ($60) per kilowatt 
installed. It may be added that sufficient information is avail- 
able to show that the efficiency figure is reliable and, for example, 
the heat value of the coal is given at 12,000 B.t.u. per Ib. 

As regards the quantity of steam per kilowatt-hour, the de- 
signer of the plant, Mr. Adams, adopted a practice which differs 
considerably from that generally followed. The condensate 
from the turbines is not metered, no meters having been found 
really satisfactory; but is calculated from the output of the 
machines and their known steam consumption at various loads. 
Every turbine is tested with great care once a month at three 
loads. The condensate is pased over the V-notch of a Lea 
recorder and the height of water above the notch read at inter- 
vals of one minute by means of a vernier scale. 


A complete 
test lasts about two hours. 


The results are plotted, and the 
Willans line so obtained is taken as the basis of the performance 
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of the machine for the next Known corrections 


, applied for variations of vacuum or steam condi- 


four weeks. 
are, of course 


tions. The turbines act, therefore, in effect as calibrated steam 
meters. To avoid vitiation of the results by condenser leakage 


and incidentally to avoid boiler trouble from the same cause, 
the condensate is tested every morning by a Megger, the elec- 
trical resistance of the condensate being compared with that 
of pure distilled water. The test is simple, easily applied, and 
It is carried out in the laboratory of the 
In favor of the 


extremely sensitive. 
station. method of obtaining the steam con- 
sumption per kilowatt-hour of the station, it may be pointed 
out that when, as usual, the steam consumption of a turbine 
is a linear function of the load, it follows that, once the line 
is determined, one has merely to know the total output of the 
machine over a given time of running to obtain the total quantity 
of steam used. Irregularity of load during the period has no 
effect on the total steam consumption fora given output. Never- 
theless, at Padiham the load, absolute condenser pressure, and 
temperature of 
outlet 


steam, temperature of and inlet 
temperatures of circulating water are accurately 


logged every half hour. 


condensate, 
and 
Besides the steam consumption of the 
turbines, there is, of course, that used by the reciprocating sets 
and by the boiler feed pumps to be taken into account, and 
this is obtained similarly from their output and their known 
performances. 

It is believed at Padiham that this method of obtaining the 
steam consumption of the station is more accurate than by the 
use of meters unless the latter are under continual supervision, 
calibration, and repair. It also provides a check on the turbine 
Those who would criticize it may be asked in 
which direction the error would lie. 


performances. 
If more steam is used than 
that computed, then the boiler-house efficiency must be phe- 
nomenally high. If the error is in the other direction the tur- 
bine efficiencies become incredible. Taking the month of March, 
for example, it is, humanly speaking, certain that the coal per 
unit 1.33 lb. only, 
of the station 21.34 per cent. 


generated was and the thermal efficiency 
If more water than 10.51 lb. was 
used per unit generated, then the evaporation was higher than 
7.91 lb. of water per pound of coal, and the boiler-house efficiency 
greater than 80.95 per cent. Another thing in favor of the ac- 
curacy of the results is their great consistency, month by month. 
The operating results for twelve consecutive months are now 
available and the uniformity is extraordinary. As the station 
has “run like a clock”’ from the day it was started, a consistency 
of performance was to be expected. 

The exceptionally high efficiency of the Padiham station is 
due partly to the operation and maintenance of the plant, and 
partly to the equipment and layout of the station. The daily 
load factor is good, but the station is completely shut down 
from midday on Saturday until 6 a.m. the following Monday. 
The plant has, therefore, to bear all the losses resulting from 
shutting down and restarting the boilers once every week. The 
equipment of the engine room and boiler house is in no way 
remarkable. 

Brick-set land-type boilers with external cast-iron economizers, 
a very moderate steam pressure and temperature, no forced 
draft, no air heaters, no evaporators, no deaerators, and com- 
paratively few instruments for the control of the boilers make 
a picture of the boiler house common when power-station effi- 
ciencies were of the order of 10 per cent or so. The modern 
highly efficient turbines and the excellent vacuum obtained are, 
of course, advantages which the older power houses did not have, 
but when all allowances are made for the engine-room per- 
formance, it is a matter for contemplation that what without 
disrespect one may call so old-fashioned a boiler house as that of 
Padiham can beat that vast majority of modern boiler houses 
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in efficiency. That it does so will be evident from Table 1 
which gives, not the result or a short test, but the average per- 
formance for twelve consecutive months. The fuel used is 1- 
in. dry slack, with a small proportion of */s-in. washed slack, 
containing all the fines normal to such coal. 


TABLE 1 PADIHAM BOILER-HOUSE HEAT BALANCE, YEAR 
ENDING MARCH, 1928 

B.t.u. Per cent 
Heat transferred to water...... Be ee ee 9,728 80.5 
Heat lost due to evaporating moisture in coal ; ‘ 82 0.7 
Heat lost in dry flue gases...... Mamie Marka es amen 946 7.8 
Heat lost due to hydrogen.... acne aA a 501 4.1 
Heat lost due to combustible in ash......... sont 79 0.7 
Heat lost due to heat of ashes.... aa a anion 20 0.2 
Heat lost due to radiation and unaccounted for , 729 6.0 


12,085 100. 


Heat in 1 Ib. of coal as received.......ccccccccccces 


(The Engineer, vol. 146, nos. 3784-3785, July 20 and 27, 1928, 
pp. 56-58 and 82-83. Compare also editorial entitled “The 
Design of Power Stations” in the issue of July 27, pp. 93-94, dA) 


The New Central Station at Ivry, France 


HIS central station is owned by the Seine Electric Co., a 

subsidiary of the Paris Electric Co., and was built to supply 
electric energy to the Metropolitan Railways Co. of Paris which 
operates the subways in that city. As now installed the station 
has a capacity of 60,000 kw., but it was designed so that it could 
be enlarged to generate 150,000 kw. 

The boiler plant consists of six Babcock & Wilcox boilers 
equipped with chain-grate stokers and two boilers of the same 
company designed for pulverized fuel. Each of the boilers is pro- 
vided with a superheater divided into two groups of seamless steel 


tubes. They are also equipped with economizers and air pre- 
heaters. Very careful attention was devoted to the methods of 


measuring and controlling the operation of the boilers. Each 
boiler is provided with two electric pyrometers to indicate the 
steam temperature and a number of draft gages to show the partial 
vacuum of the gases on the stoker at the exit from the boiler, at the 
economizer, and at the base of the smokestack. The total power 
delivered at each instant by the plant is shown in the boiler room 
on an integrating wattmeter, which is really located in the power 
plant but has a distinct reading arrangement by which the reading 
is projected on a large screen placed in the boiler aisle. 

The combustion in each boiler is regulated by a device having 
two pens, each of which traces a polar diagram on a single chart. 
One of these diagrams shows the volume of hot gases and the other 
that of the steam. By regulating the combustion in such a man- 
ner as to obtain a coincidence of these curves, a rate of combus- 
tion is obtained corresponding to the most advantageous per- 
centage of CO,. A further advantage of this apparatus is that 
it gives instantaneous readings. Two registering thermometers 
show respectively the temperature of the hot air blown in under 
the grates of the stoker, and the temperature of the gas at the 
base of the chimney. 

In addition to this apparatus intended for the control of the 
individual boilers there are also several for purposes of general 
control. These are located in a gallery in the pump room in the 
wall separating this latter from the boiler room. 

There are four groups of turbo-alternators, each comprising an 
Escher Wyss & Co. turbine running at 3000 r.p.m. with an admis- 
sion pressure of 18 kg. per sq. em. (256 lb. per sq. in.) and an ad- 
mission temperature of 350 deg. cent. (662 deg. fahr.). The tur- 
bine is direct-connected to a three-phase alternator having a 
frequency of 50 cycles and terminal potential of 10,500 volts. 
Each alternator carries on the end of the shaft an exciter of 74 
kw. capacity and 240 volts. The stators are star-wound. Some 
of the auxiliaries may be of interest. The deaerators are of the 
“Scam”’ contraflow type and consist of a cast-iron vessel in which 


a vacuum is established by means of an ejector. The central 
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part of this vessel is provided with a bundle of horizontal tubes 
through which steam flows at a pressure of 0.4 kg. per sq. em. (5.7 
lb. per sq. in.) and also evaporation steam from special boilers. 
The upper part of the deaerators contains strainers which break 
up the water to be deaerated into a fine spray. The lower part 
of the vessel forms a reservoir and is provided with a float cock 
which controls the admission of water in accordance with the 
demand of the feed pumps. 

The operation of this device is as follows: The water to be 
deaerated on arriving at the top of the apparatus is broken up 
into small drops which fall on staggered troughs. These drops 
coming into contact with the superheated tubes burst, and be- 
cause of their extreme subdivision the gases which they contain 
are liberated and carried away. The temperature of water at 
the entrance to the deaerator is 35 deg. cent. (95 deg. fahr.) and 
the temperature at the exit is 65 deg. cent. (149 deg. fahr.). 
Eighty-five tons of water are handled per hour. The original 
article gives data of power and steam consumption of the various 
The special boilers referred to above are the boilers 
which produce distilled water. 


devices. 
They are heated by live steam. 

No data are given as to the operation of the plant and its effi- 
ciencies. (L. Vellard in Révue Générale de l' Electricité, vol. 23, 
no. 26, June 30, 1928, pp. 1109-1130, 20 figs., d) 


POWER TRANSMISSION 


Correcting Power Factor With Capacitors in the Distribu- 
tion Feeders 


OST power companies serving an industrial load are con- 

fronted with a low power factor situation. To impose 
a penalty on the consumers who are responsible for this con- 
dition is effective only as a disciplinary measure and many efforts 
have been made to neutralize this trouble in other ways. Some- 
times this can be accomplished by the use of synchronous motors 
in the various industrial plants, but this cannot be done where 
the plants are already equipped with other kinds of motors and 
are not willing to change over. Such a condition was found 
to exist in Grey’s Harbor County, Washington, where there 
are a number of mills cutting timber. Such mills in order to 
handle the heaviest load with comparative ease select a motor 
which is in excess of the requirements for normal operation. 
Induction motors seem to be peculiarly adapted to this par- 
ticular kind of work and their application under these condi- 
tions naturally results in low power factor. 

The operating conditions were such that something had to be 
done and a study was made of the comparative advantages 
and disadvantages of synchronous condensers and capacitors. 
The latter were selected and it is claimed that the plant has 
made a saving of 500,000 kw-hr. annually in feeder-line losses 
by installing capacitors, a saving which could not be made by 
the synchronous condenser. The installation of «he capacitors 
proved to be quite an easy matter and by this means it became 
possible to maintain a better voltage on the feecers, since the 
higher power factor on these circuits has increased the range 
of the regulators. The following summary is made by the 
author, general superintendent of the Gray’s Harbor Railway 
and Light Co., Aberdeen, Wash. 

“Summarizing, we have made kilowatt-hour savings amount- 
ing to a return of 10.1 per cent on the total investment, increased 
the peak capacity of our generator by 1600 kw. (or 45.7 per cent 
over conditions prevailing a year ago), incréased the capacity 
of all of the feeders on which the capacitors are installed, as 
well as relieved the load on our feeder voltage regulators (with 
the result of increased range of the regulators), and increased 
the voltage to the consumer which means higher bills with a 
more satisfied consumer due to the better operating conditions 
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Also, it 
that the consumer should correct his own power factor and be 


resulting in increased output. is usually considered 
given a bonus for so doing or else be penalized for not doing so; 
but ours is an excellent example of the profit to be gained by the 
central station in making this correction on the consumer's 
The in calculating corrected lagging 
reactive kva. and the unit cost of $0.005 per kw-hr. for energy 


premises figures used 
saved in line losses are certainly conservative but at the same 


(Wm. 
no. 7, July, 1928, pp. 


time show sufficient justification for the installation.” 
S. Hill in General Electric Review, vol. 31, 
figs., 


366-371, 7 


dp) 


PUMPS 
Characteristics of Centrifugal Oil Pumps 


ECENTLY a movement has been growing to use centrifugal 

pumps on oil pipe lines and at refineries. Because they 
are quantity pumps and have such merits as low first cost, sim- 
plicity or operation, steady flow, and adaptability for direct con- 
nection to high-speed machinery, centrifugal pumps attract all 
industries which have to deal with pumping machinery, but 
whereas the efficiency of a properly designed centrifugal water 
pump runs very high, this efficiency decreases when the same 
pump is used in a viscous fluid 

When pumping oil it is evident that besides all the ordinary 
mechanical and hydraulic losses, for a viscous liquid a new loss 
enters which dominates all the others. This is the viscosity or 
the internal-resistance loss. The effect of viscosity is to decrease 
the head capacity and to increase the disk friction. This lowers 
the efficiency of the centrifugal pump correspondingly. 

It is important to know the laws which govern the decrease in 
the head capacity and the increase of horsepower which affect the 
eficiency of the centrifugal pump. It is also important to know 
the limiting value of viscosity for each type and size of centrifugal 
pump at which it is practical to pump viscous oils. Moreover, 
as it is a comparatively easy matter to test a pump on water, it 
is of great advantage to have a method by which it is possible to 
predetermine what a centrifugal pump of known water charac- 
teristics will do when pumping a viscous oil 

By characteristics are meant the curves which show the re- 
lation between the capacity, head, efficiency, and power at a 
constant speed. These curves are usually obtained from an 
actual test, using water as pumping medium. 

As the paper is not suitable for abstracting, only the conclu- 
sions are reported as follows: 

1 It is possible to predetermine, with a sufficient degree of 
accuracy, the performance of a centrifugal oil pump by observing 
its characteristics as obtained on water. 

2 The effect of the viscosity is to decrease the head-capacity 
and increase the power. 

3 When the pump is working in viscous oil, the increase in 
horsepower is influenced mainly by the increase in the disk friction 
due to viscosity. 

1 The head-capacity characteristic and the efficiency of a 
centrifugal pump as applied to viscous oils improve with the 
increase of the size of the pump. 

5 The volumetric efficiency, particularly that of a low-specific- 
speed centrifugal pump, improves with the increase of the vis- 
cosity. 

6 Ina multi-stage pump the performance is improved because 
of the heating of the oil in the pump by losses. This is more 
noticeable in pumps of low specific speed. 

7 It seems that an impeller with “‘flat’’ characteristics will be 
more efficient when pumping viscous oils than an impeller with 
characteristics. (Michael E. Aisenstein, Hydraulic 
Engineer, Byron Jackson Pump Co., Berkeley, Calif., in Pro- 


“steep” 
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ceedings of the American Society of Civil Engineers, vol. 54, no. 


6, Part 1, August, 1928, pp. 1709-1723, 9 figs., mA) 


The Friberg Vacuum Pump 


Puls pump has been already adopted to some extent in the 

Scandinavian countries for drying timber and albuminous sub- 
stances in vacuum and is claimed to produce a vacuum of from 
99.7 to 99.9 per cent of the theoretically perfect. 

In the attainment of a high vacuum by means of a recipro- 
cating pump, one of the chief difficulties is, of course, the complete 
discharge of the contents of the pump cylinder at the end of the 
compression stroke, so that there shall be no remnant of gas 
left within to re-expand on the outward stroke and impede suc- 
tion from the already partly evacuated space. For this reason 
the clearance between the piston and the cylinder head is always 
reduced to a minimum, but Mr. Friberg has gone even beyond 
In other 
words, the piston overruns the end of the cylinder, and lifts the 
at the end of the stroke. 
and the bottom of the cover are quite flat, and consequently 


this and made the clearance space a negative amount. 


cover with it The top of the piston 
no gas can remain in the cylinder. 

On reference to the diagrams it will be seen that the cover is 
hollow, and is provided at the center with a spring-loaded sue- 
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THE FriperRG Vacuum Pump 
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tion valve A. Above the cylinder there is a camshaft B, driven 
from the pump crankshaft, for operating the suction valve and 
the rocking lever C. This lever is held down by a spring, as 
shown, and bears on the top of the cylinder cover. 

The operation of the pump is, as follows: During the suction 
stroke, as shown in Fig. 7, the cam holds the suction valve open 
while the spring and rocking lever keep the cover in intimate 
contact with the machined end of the cylinder. Immediately 
the suction stroke has been completed, the cam allows the valve 
to close abruptly and compression of the charge starts. Toward 
the end of this stroke (see Fig. 7) the cam meets the upper pro- 
jection of the rocking lever and lifts it against the resistance 
of the springs, so that the cover is free to rise with the piston 
and the contents are discharged through the space between the 
cover and cylinder end. On account of the movement of the 
cylinder cover it is, of course, necessary to make the connec- 
tions with the space to be evacuated by means of flexible piping, 
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but this is said not to have been the source of any great trouble. 
(The Engineer, vol. 146, no. 3785, July 27, 1928, p. 97, 1 fig., d) 


Characteristic Laws for a Centrifugal Pump With Fluids 
Other Than Water 


HE AUTHOR tries to establish the relations between re- 

sistances and speeds of two centrifugal pumps operating under 
similar conditions, but with different fluids. He derives an equa- 
tion connecting head, quantity, speed, and viscosity. 

The author also made a series of tests at the University of 
Liverpool with a pump driven by a motor acting also as a trans- 
mission dynamometer. The experiments demonstrate that for 
practical purposes there is no difference between the head- 
quantity characteristics for water and other fluids unless the 
kinematic viscosities of these are many times that of water—in 
this pump at least 30 times—but the power required increases as 
the viscosity increases. With fluids of greater viscosity the head 
at a given number of revolutions per minute with the delivery 
valve closed is slightly greater than that obtained with water, 
but as the valve is opened the head rapidly falls below that given 
by water for the same delivery. At certain deliveries the pump 
becomes unsteady and there is a discontinuity in the character- 
istics. ‘The kinematic viscosities of these fluids are so high that 
v/vp ( v is kinematic viscosity, v the velocity of the pump, and p 
the wetted perimeter) corresponds to streamline motion at many 
sections in the path of the fluid, and the erratic behavior of the 
pump may be due to attempts to change from streamline to tur- 
bulent motion and vice versa. The variation of velocity across 
the passages also becomes large, and this probably helps to set up 
eddy motion and cause instability. There are three types of 
characteristics, one agreeing with those for water, one for small 
deliveries with fluids of high viscosity, and another with larger 
deliveries and viscosities, an unstable region occurring between 
the latter types. The disk friction and the combined eddy, 
circulation, and short-circuit losses increase as the viscosity in- 
creases. The latter, which are relatively large in a small pump 
like the one tested, make it impossible to apply the law of pro- 
portionality. 

It was pointed out to the author that the discontinuity in the 
curves may be due to cavitation in the pump. In such an in- 
stance the effect would be due to volatility rather than viscosity. 
Separate tests, however, showed water and the less viscous oils 
to be more volatile than the more viscous ones. (Hubert Maw- 
son in Proceedings of the Institution of Mechanical Engineers, 


1927, vol. 2, pp. 1037-1045, 5 figs., de) 
Submerged-Motor Pumps 


F LATE years, submerged-motor pumps have come to be 

widely used. With the present development of the squirrel- 
cage motor and with modern insulating methods and materials, 
difficulties of an electrical nature no longer form an important 
consideration. The problem of positively sealing the rotor shaft 
where it passes through the housing has also been solved in several 
ways. One such seal is shown diagrammatically in Fig.8. A ring 
or collar a, closely fitting the motor shaft and revolving with it, 
but capable of axial movement, is located upon the end of the 
shaft which faces the pump, where it is kept lightly pressed 
against the end of the motor housing by means of a coil spring. 
By this arrangement the entrance of the liquid is rendered very 
difficult, no matter whether the motor is running or standing 
still. 

The regulator b may in principle be considered as placed beside 
the motor, and therefore submerged to about the same depth. 
It has a control membrane c which is acted upon by three different 
forces, namely, the pressure of the small coil spring d and the 
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static pressure of the liquid upon the plunger on one side, and 
the pressure obtaining in the interior of the motor on the other. 

usually 
air—introduced into the motor housing under high pressure by 


The regulator serves to reduce the pressure of the gas 


way of a pipe, to a point corresponding to the equilibrium of the 
three forces referred to 

The fluetuations of the liquid level have the effect of so influ- 
encing the membrane as to cause the internal to exceed the ex- 
ternal pressure by a predeterminable small amount. The excess 
internal pressure is removed by the escape of air along the shaft, 
the ring a being slightly forced away and thus acting as a relief 
valve. 

The pressures from both sides upon the effective surfaces of the 
ring a are thus constantly kept very nearly balanced, so that the 
ring is practically under no load other than a slight pressure upon 
the cheek of the housing. 


lated by the choice and adjustment of the springs of the regulator 


This remaining pressure can be regu- 
ind of the collar a. It will be seen that, owing to the absence of 
any noticeable thrust, wear on a stuffing box— if it can be so called 

of this type is negligible, while on the other hand the ring, 
running continually in the liquid which is being pumped, is most 
efficiently cooled. 

The regulator may be placed near the motor at about the height 
of the stuffing box, but there are certain disadvantages in such an 
irrangement. Because of this, a type of regulator has been de- 
Ve lope d which is placed above the ground 

In another type of pump shown in the original article, the 
This 


r to expand lengthwise should it 


motor is connecte d to the other parts by its lower flange 
onstruction permits the mot 


become heate d 


In this case the bell forms an integral part of 
the pump easing, but in another design it is placed below the 
pump. The discharge pipe is usually used for suspending the 
Init These discharge pipes may be cast of various cross- 
sections, while in wells of large size, ordinary steel pipes may be 
sed. In one design illustrated in the original article, a steel 
icket around the pump 1s used to convey the water discharge. 
Chis construction is intended for wells of an especially small 
liameter or when a low water level and consequent greater heat- 


Where 


liquids have to be raised from an unusually great depth, the diam 


ng of the motor have to be taken into consideration. 


ter of the well is apt to be very small. In such cases even a steel 
icket no longer answers the demands of economy in space, and 
t becomes necessary to place the motor below the pump, in which 


ase the liquid is sucked in through the slit-like openings in the 


niddle of the evlinder. If conditions are such as to render a drop 
f water level unlikely even while pumping to full capacity, the 
ise of the bell becomes superfluous. A regulator designed for this 
condition is shown in Fig. 9. The constant pressure of the 
spring c takes the place of the pressure in the bell. By properly 
regulating the internal and external pressures, the consumption 
of air by the motors can be kept down to a very low figure. 
\n automatic pressure system has been also designed. (H. 
Sauveur in Engineering Progress, vol. 9, no. 7, July, 1928, pp. 191- 


194, 11 figs., d) 


SPECIAL CONSTRUCTIONS 
The Concentric-Arch Dam 


Wuat is said to be a new type of dam has been developed 

in France; it consists of two or more substantially con- 
centric arches (Fig. 10). These arches are of different heights, 
the upstream arch being the higher and those further downstream 
being lower, step-wise. The space between the individual arches 
is filled with water to the top of the lower arch when the reservoir 
is full. The individual arches are entirely separate from each 
other except at the abutments. 
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The figure at the right-hand corner is a vertical cross-section 
through the dam. The water in the basins between the indi- 
vidual arches exerts a pressure upon both arches forming the 
basin, thus loading the downstream arch by radial pressure 
upon its extrados but relieving the upstream arch by the same 
amount of load. For instance, there is exerted upon arch 1 
on the upstream face the pressure of the full head of water in the 
reservoir. Upon the downstream face of this arch acts the 
back-pressure in the first basin. Consequently, the resulting 
net water pressure to be carried by arch 1 is that represented 
by the area W, in the load diagram shown in the center of Fig. 10. 
Similarly, the arch 2 is subjected to the load W., and the arch 
3 to the load W;. Of course, it is necessary that the basins 
elevation, especially when the reservoir is full. This can easily 
be effected by automatically controlled valves. 
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FRENCH MULTIPLE CONCENTRIC-ARCH DAM 


Theoretically, concentric arches are more efficient than a single 
arch of the same thickness as the separate arches taken together, 
because each one of the small arches approaches the dimensions 
of a “thin” arch for which the stresses from rib shortening and 
temperature are relatively much smaller than in a thick arch. 
A dam of the type described is under construction at Marége 
This dam is 
to consist of five thin arches of reinforced concrete placed one 
behind the other. 
model of the dam. 


in the canyon of the Dordogne River in France. 


The article describes tests carried out on a 

The French engineers have estimated that 
in some cases a Saving in the quantity of concrete would amount 
to 20 or even 3C per cent over the quantities required by an 
ordinary type of arch dam. 

For conditions in this country it might be preferable to build 
the several arches tightly one against the other, and merely 
separate them by painting the surface of one arch with asphalt, 
thus permitting the minute relative movements between the 
arches to take place when the load or temperature of the dam 
changes. The individual arches will then act as arch and can- 
tilever laminas similarly, for instance, as in the case of laminated 
springs. 

Preliminary designs have been made of several proposed arch 
dams, involving the feature of having one asphalted joint in the 
dam from the foundation up for about two-thirds of the height 
of the structure. Based upon the Cain theory, it is indicated 
that this arrangement will give in many cases, a better distri- 
bution of the stresses in a dam than without the joint. (Fred 
A. Noetzli, Consulting Engineer, Los Angeles, Calif. in Western 
Construction News, vol. 3, no. 14, July 25, 1928, p. 465, 1 fig., d) 


CLASSIFICATION OF ARTICLES 


Articles appearing in the Survey are classified as c comparative; 
d descriptive; e experimental; g general; h historical; m mathe- 
matical; p practical; s statistical; ¢ theoretical. Articles of 
especial merit are rated A by the reviewer. Opinions expressed 
are those of the reviewer, not of the Society. 








Instruments’and Apparatus 


Preliminary Draft of Part 3, Temperature Measurement, Chapter 7—Pressure Gage 
Thermometers 


The Main Committee on Power Test Codes takes pleasure in pre- 
senting to the members of the Society for criticism and comment, Chap- 
ter 7 of Part 3 of Instruments and Apparatus dealing with Pressure 
Gage Thermometers. The Individual Committee which developed 
this draft consists of Messrs. C. F. Hirshfeld, Chairman, W. A. 
Carter, Secretary, C. M. Allen, E. G. Bailey, L. J. Briggs, C. R. 
Cary, J. D. Davis, R. E. Dillon, F. M. Farmer, J. B. Grumbein, 
W. H. Kenerson, E. S. Lee, O. Monnett, S..A. Moss, R. J. S. 
Pigott, and E. B. Ricketts. 

Code No. 19 on Instruments and Apparatus will consist of twenty- 
two parts dealing with the following subjects: (1) General Con- 
siderations,' (2) Pressure Measurement (6 chapters),? (3) Tem- 
perature Measurement (/1 chapters),’ (4) Head Measurement, 
(5) Measurement of Quantity of Material, (6) Electrical Measure- 
ments, (7) Mechanical Power, (8) Measurement of Indicated Horse- 
power, (9) Heat of Combustion, (10) Chemical Composition, (//) 
Quality of Steam, (12) Time Measurements, (/3) Speed Measure- 
ments, (14) Mechanical Measurements, (15) Surface Area, (16) 
Density, (17) Viscosity Measurements, (18) Humidity, (19) Con- 
centration of Dilute Solutions, (20) Smoke, (21) Leakage Measure- 
ments (2 chapters), and (22) Hydraulic Power Plants. 

Complete copy of the draft which is published here in abstract 
may be obtained from the Society's headquarters. The Individual 
Committee, the Main Committee, and the Society will welcome 
suggestions for corrections or additions to this draft from those who 
are especially interested in this subject. These comments should 
be addressed to the Chairman of the Committee in care of The Ameri- 
can Society of Mechanical Engineers, 29 West 39th Street, New 
York, N. Y. 


GENERAL 


divided into three 
classes, depending upon the method by which the actuating force 


is obtained. 


1 Pressure gage thermometers may be 
Class 1 thermometers utilize the direct expansion 
of a liquid to move the pointer or pen arm of the instrument, and 
are generally known as liquid-filled pressure gage thermometers. 
Class 2 thermometers utilize the changes in the pressure of the 
saturated vapor of a fluid with changes in temperature to move 
the pointer or pen arm of the instrument. 
designated as vapor-pressure or 
thermometers. 


They are generally 
vapor-tension pressure gage 
Class 3 thermometers utilize the direct expan- 
sion of a gas to move the pointer or pen arm of the instrument 
and are generally known as gas-filled pressure gage thermometers. 

2 The essential parts of thermometers of the three classes are 
practically the same, the differences being principally in the 
fluid used in them. In each kind of thermometer the main parts 
are: (a) the bulb, which usually contains most of the fluid, and 
which is immersed in the medium, whose temperature is being 


‘This Part was published in the February, 1923, issue of Mer- 
CHANICAL ENGINEERING. 

2 Chapter 1 of Part 2, on Barometers, was published in the Novem- 
ber, 1927, issue of MECHANICAL ENGINEERING. 

Chapter 6 of Part 2, on Tabies, Multipliers and Standards for 
Barometers, Mercury and Water Columns and Pressure Measure- 
ments, was published in the July, 1928, issue of MECHANICAL ENGI- 
NEERING. 

’ Chapter 1 of Part 3, General, was published in the December, 
1925, issue of MECHANICAL ENGINEERING. 

Chapter 6 of Part 3, Glass Thermometers, was published in the 
April and May, 1926, issues of MECHANICAL ENGINEERING. 

* Chapter 1 of Part 21, on Condenser Leakage Tests, was published 
in the November 1925, issue of MECHANICAL ENGINEERING. 


measured; (6) the pressure gage, which includes the pointer or 
the pen arm which is moved under the influence of the changes 
of pressure within the bulb; and (c) the capillary tubing which 
connects the bulb with the actuating device of the pressure gage. 
These parts are described in detail under ‘*Description,’’ Pars. 
19 to 37, inclusive. 


Crass 1-—Liquip-FILLED THERMOMETERS 


ther- 
filled 


3 The component parts of a liquid-filled pressure gage 


mometer are shown in Fig. 1. The system is completely 





BOURDON SPRING OR 

OTHER SUITABLE * 
PRESSURE MEASURING 
DEVICE 


Fig. 1 


ELEMENTS OF A Liquip-FILLED Pressure GAGE 
THERMOMETER 

with a liquid. When heat is applied to the bulb of such a system 
the liquid expands, exerting a pressure in the Bourdon spring of 
the gage, which tends to take the shape shown by the dotted 
lines in Fig. 1. The pointer or pen arm of the pressure gage, 
which is operated through a multiplying linkage system by the 
movement of the end of the Bourdon spring, moves over a scale 
that is calibrated to read directly in temperature. 

4 Liquids Used. 
thermometers, with their working ranges, are as follows: 


The liquids most commonly used in such 


Mercury is frequently used because of its wide temperature 
range: —-38 to 1000 deg. fahr. 
pansion is low 


Its coefficient of ex- 


Alcohol is used bet ween the temperatures of —50 and 300 deg 
fahr. 


5 Advantages. The chief advantage of the Class 1 thermom- 
eters is that they have uniform scales (i.e., the divisions in each 
They are primarily suited 
to applications requiring a small bulb and short capillary tubing 

6 Disadvantages. 


particular scale are of uniform size). 


Thermometers of this type are subject to 
errors resulting from the capillary tubing being at a different 
temperature while in service from what it is during calibration 
The magnitude of such errors depends upon several things: namel) 
(a) the ratio of the amount of expanding liquid in the tubing 
to that in the bulb and to the increase in volume of the spring; 
(b) the difference between the temperature of the bulb, tubing, 
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and spring; and (c) the difference between the temperature of 
the tubing and spring during calibration and while in service. 
In one case the error in the indication of a mercury-filled ther- 
mometer of this type amounted to 75 deg. fahr. when measuring 
the temperature of flue gas at 600 deg. fahr. This error was due 
solely to the fact thit about 25 ft. of capillary tubing was resting 
against a hot boiler wall during service, and it was therefore at a 
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hic. 2. ELEMENTS oF A VAPOR-PRESSURE THERMOMETER 
higher temperature in service than during calibration. This 
effect is usually minimized in instruments in which the ratio 
of the volume of the bulb and the increase in volume of the 
spring to that of the capillary tubing is large. 

7 Under similar conditions the time lag of liquid-filled ther- 
mometers is greater and the sensitivity is less than with Class 2 
thermometers. 
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8 The length of the capillary tubing is limited to approximately 
25 ft. unless special precaution is taken, and it is recommended 
that if possible the installation be made with a shorter length. 
Commonly the length of tubing is about 10 ft. 


Crass 2—VaApor-PRESSURE THERMOMETERS 


9 The action of the vapor-pressure thermometer depends upon 
the fact that the pressure inside the thermometer is determined 
by the temperature of the free surface of the liquid. In this type 
of thermometer, when all the parts are at the same temperature 
and in the position shown in Fig. 2, the bulb is about three- 
fourths filled with liquid, the remainder of the bulb along with the 
capillary tubing and the Bourdon spring being filled with the 
vapor of that liquid. Before sealing the bulb-and-tube system 
during its manufacture the system is carefully freed of air, so 
that the pressure on the surface of the liquid is only that of the 
Fig. 2 shows 
the essential features of a thermometer of this type. In some 
cases the only part of the bulb, capillary tubing, and spring 
system not filled with liquid is a small part of the spring. 


saturated vapor at the temperature of the bulb. 


10 If the capillary tubing and pressure gage contain only vapor, 
the indications of the instrument are not subject to error due to 
When installing an 
instrument of this type special precautions should be taken to 
insure that the gage and tubing are arranged properly. 
“Installation,’’ Pars. 42 to 51. 

11 Liquids Used. The liquids used in Class 2 thermometers, 
with their boiling points for atmospheric pressure, their critical 


variation of the temperature of the tubing. 


See 


temperatures, and their critical pressures are given in Table 1. 


TABLE 1 BOILING POINTS, CRITICAL TEMPERATURES, AND 
CRITICAL PRESSURES OF LIQUIDS FOR PRESSURE GAGE 
THERMOMETERS 

Boiling Critical Critical 

Liquid point, temperature, pressure, 

deg. fahr deg. fahr. Ib. per sq. in, 

Ethy!] alcohol 172.9 470 925 
Benzene 176 550 705 
Water 212 705.2 3197 
Toluene 230.5 609 614 
Aniline. . 4 363 799 764 
Sulphur dioxide. ; 14 311 1160 
Ether... 95 387 530 
Methy!l ether — 29 233 835 


The advantages of the vapor-pressure ther- 
mometer are that it is not subject to error as a result of variation 
of the temperature of the capillary tubing when the instrument is 
properly installed; the tubing need not be so small as that used 
for Class 1 thermometers; and any length of capillary tubing up 
to 200 ft. may be used. 

13 Disadvantages. 


12 Advantages. 


The principal disadvantage of the vapor- 
pressure thermometer is that the bulb temperature must be 
always above or always below temperature at case or along tub- 
ing, or error due to elevation of bulb above or below case will be 
variable.® 
Crass 3—Gas-FILLED THERMOMETERS 

14 The component parts and the action of a gas-filled pres- 
sure gage thermometer are the same as those of a liquid-filled 
thermometer, shown in Fig. 1, except for the fluid used. In Class 
3 thermometers, the system is completely filled with a gas. 
Changes in temperature at the bulb cause corresponding changes 
in pressure due to the expansion or contraction of the gas. 


The error resulting when the atmospheric pressure surrounding 
Class 2 instruments varies as much as it would between sea-level 
conditions and those obtaining at an elevation of 10,000 ft. above 
sea level, would be from 1 to 13 deg. fahr., depending upon the range 
of the instrument, the part of the range under observation, and the 
kind of material with which the instrument system is filled. The 
error will be greatest when the instrument is indicating temperatures 
near the lower end of its range. 
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15 Gas Used. Ni- 
trogen is the gas most 
commonly used in 
Class 3 thermometers. 
It can be used between 

60 and 1000 deg 
fahr. 

16 Advantages. The 


chief advantages of 


the Class 3 thermom- 
eters are that they 
have uniform chart 
scales and that they 
have a wider range. 
With large bulbs, 
any length of capil- 
lary tubing up to 500 
ft. may be used. 

17 Disadvantages. 
Thermometers of this 
type are subject to 
errors resulting from 
the capillary tubing 
being at a different 
temperature while in 
service from what it is 
during calibration. 
However, the ratio of 
the volume of gas in 
the bulb to that in 
the spring and capil- 
lary tubing is suffi- 
cient to minimize this 
effect. 

18 Under similar 
conditions, the sensi- 
tivity of gas-filled ther 
mometers is less than 
with Class 2. ther- 
mometers 

DESCRIPTION 

19 Pressure gage 
thermometers may be 
of either the self-con- 
tained or extension 
type. A thermometer 
of the self-contained 
type has the entire 
working element, in- 
cluding the _ bulb, 
closely and rigidly as- 
sembled as a_ unit, 
while a thermometer 
of the extension type 
has the bulb connected 
to the pressure-mea- 
suring mechanism by a 
long capillary tubing, 
thereby making it pos- 
sible to install them 
at widely separated 
locations. Thermom- 
eters of either type can 
be obtained in two 
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forms, namely, the indicating form and the recording form. The 


term “index thermometer’ is often applied to pressure gage 


thermometers of the indicating form. Fig. 3 shows an indicating 
and a recording self-contained thermometer. Extension-type 
thermometers of the indicating and recording forms are shown 


in Fig. 4. 
RANGE AND Accuracy Boru INDICATING AND RECORDING 


38 Class 1 Thermometers: 


Range, Limits of error, 

Liquid used deg. faht deg. fahr 
Mercury 38 to 1000 2 to 10 
Water 200 to 500 2 to 10 
Aleohol 50 to 400 2 to 10 

Class 2 Thermometers: 

Vapor used 
Alcohol vethyl 200 to 400 2 to 10 
Benzene 200 to 500 2 to 10 
Water 250 to 600 2 to 10 
Toluene 250 to 500 2 to 10 
Aniline 100 to 700 2 to 10 
Sulphur dioxide 20 to 250 2 to 10 
Ether 100 to 300 2 to 10 
Methyl ether 20 to 200 2 to 10 

Class 3 Thermometers: 

Gas used 

Nitrogen 60 to L000 2 to 10 
INSTALLATION 

(See “General Installation,”’ Pars. 15 to 24, Part 3, Chapter 1.) 


OT] 


39 When installing a vapor-pressure temperature recorder the 
variation in reading due to the change in temperature of the 
recorder itself may be overcome by enclosing the recorder in a 
glass-front case in which the temperature is thermostatically con- 
trolled at a point slightly above the highest temperature likely 
This may be 
maintained by an electric lamp cut in and out by the thermostat. 

10 When iuscailing a thermometer of this type the bulb and 


to obtain in the room. constant temperature 


such part of the capillary tubing as was immersed during cali- 
bration should be immersed to the same point. 

11 If the installation is made in such a manner that the tem- 
perature of the capillary tubing is different during service and 
during calibration, an error will result with Class 1 and Class 3 
thermometers and it may or may not result with Class 2 ther- 
mometers, depending upon whether the capillary tubing is 
With Class 1 and 


3 thermometers the magnitude of the error will depend 


filled with liquid or vapor, or contains both. 
Class 
upon the temperature difference during calibration and service, 
and upon the portion of the liquid within the system that is 
within the capillary tubing. With (Class 2) 
thermometers the magnitude of the error depends upon several 


vapor-pressure 


different factors which are discussed under separate cases in the 
following paragraphs. 

42 The results obtained with vapor-pressure thermometers are 
so affected by the arrangement of the installation that several 
cases are to be considered. It is assumed that the liquid in the 
system may shift back and forth between the bulb and capillary 
tubing, depending upon the way it is carried and handled during 
installation. 
follows: 


The cases to be considered may be described as 


Case 1—Bulb higher than pressure gage and hotter than capillary 
tubing. All of liquid in bulb when instrument is installed. [See 
Fig. 12(a).] 

Case 2—Same as Case 1 except that part of the liquid is in the 
capillary tubing and spring. 


Case 3—Bulb higher than pressure gage and colder than capillary 
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tubing. All of liquid in bulb when instrument is installed. [See 

Fig. 12(b).] 
Case 4—Same as Case 3 except that part of the liquid is in the 


capillary tubing and spring. 


Cast 5—Bulb lower than pressure gage and hotter than capillary 
tubing. All of liquid in bulb when instrument is installed. [See 
Fig. 12(« 

Case 6—Same as Case 5 except that part of the liquid is in the 


capillary tubing and spring 

Cast 7—Bulb lower than pressure gage and colder than capillary 
tubing. All of liquid in bulb when instrument is installed. [See 
Fig. 12(d 

Case S—Same as Case 5 except that part of the liquid is in the 
capillary tubing and spring 
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Fia. 12(b) 
HIGHER 


Mernops OF INSTALLATION FOR CASES 3 AND 4—BULB 
THan PressurE GAGE AND CoLpER THAN CAPILLARY 
TUBING 


In discussing the conditions encountered and their effects upon 
the temperature indicated in each case, several assumptions are 
made: namely, 

(a) The instrument was calibrated with the bulb and pressure 
gage in the same relative position as during service. 

(b) The instrument maker put such an amount of liquid within 
the instrument that with all of the liquid within the bulb, 
or with the pressure gage and capillary tubing completely 
filled with the liquid, the free surface of the liquid will be 
within the bulb when the bulb is subjected to temperatures 
within the range of the instrument and when the capillary 
tubing is subjected to the temperatures intended when the 
instrument was constructed. 

(c) During the calibration of the instrument the capillary 
tubing was at the temperature contemplated when the 
instrument was constructed, and the bulb was at a higher 
or lower temperature as mentioned in the case under con- 
sideration. 
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(d) When the thermometer was installed in the calibrating bath 
the liquid was in the coldest part of the system, and the 
bulb was in a vertical position with the capillary tubing 
connection at the top of the bulb (erect position). 

(e) The exposed end of the capillary tubing that extends into 
the bulb is so placed that no matter what the position of 
the bulb, this exposed end will always be submerged, or 
sealed, in the liquid. 


43 Case 1. When a vapor-pressure thermometer is installed 
under such conditions, the capillary tubing, the pressure gage, 
and a part of the bulb will be filled with vapor. As soon as the 
temperature of the bulb becomes greater than that of the tubing, 
liquid will be forced through the capillary tubing, completely 


filling the tubing and the pressure gage. The pressure at the 
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gage will correspond to the temperature of the bulb, except for 
the increase in the pressure at the gage due to the head of the 


liquid above it. There will therefore be an error in the indi- 
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cation of the instrument, resulting from the variation of the 
hydrostatic pressure upon the gage due to the variation in the 
weight of the unbalanced column of liquid above the level of the 
center of the pressure gage with variations in the temperature 
of the capillary tubing. This error can be reduced to a minimum 
by having the temperature of the capillary tubing at the time 
of calibration as near the same as that during service as possible. 
The position of the bulb (horizontal, inclined, upright, or in- 
verted) has no effect upon the temperature indicated. 

44 Case 2. This case differs from Case 1 in that it does not 
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take as long for the capillary tubing and pressure gage to be- 
come completely filled with liquid. 

45 Case 3. If the bulb of the instrument is installed in an 
erect position, the liquid will remain within the bulb and the 
vapor within the capillary tubing will be superheated without 
affecting its pressure. The indications will be 
correct and they will not be affected by variation in the tem- 
perature of the tubing. 


temperature 


If the bulb is installed in a horizontal 
or an inverted position, some of the liquid will run out of the 
bulb into the tubing, there to be vaporized. This vapor will 
flow into the bulb where it will be condensed and started over on 
the same cycle. The pressure within the system neglecting hy- 
drostatic pressure will correspond to the temperature within 
the tubing at the point where vaporization takes place and not to 
the temperature of the bulb. 

46 Case 4. This case differs from Case 3 in that with the 
bulb in an erect position, time must be allowed for the liquid in 
the tubing and gage to vaporize and then condense in the bulb, 
after which the same conditions will obtain as in the first part of 
Case 3. 

47 Case 5. When a thermometer is installed under such 
conditions, the capillary tubing, the pressure gage, and a part 
of the bulb will be filled with vapor. As soon as the temperature 
of the bulb exceeds that of the tubing, liquid will be forced 
through the capillary tubing, completely filling the tubing and 
the gage. This pressure at the pressure gage will correspond to 
the temperature of the bulb, except for the reduced pressure at 
the gage, due to the column of liquid between the bulb and the 
gage. There will therefore be an error in the indications of the 
instrument resulting from the variation of the hydrostatic pres- 
sure upon the gage due to variations in the weight of the column 
of liquid above the level of the liquid within the bulb, with 
variations in the temperature of the capillary tubing. This error 
can be reduced to a minimum by having the temperature of the 
tubing at the time of the calibration of the instrument as near 
the same as that during service as possible. The position of the 
bulb (horizontal, inclined, upright, or inverted) has no effect 
upon the temperature indicated.°® 

48 CasE6. This case differs from Case 5 in that it does not 
take as long for the capillary tubing and pressure gage to become 
filled with liquid. 

49 Case 7. If the bulb of the instrument is installed in an 
erect position, the liquid will remain in the bulb and the vapor 
within the capillary tubing will be superheated without affecting 
its pressure. The temperature indications will be correct and 
they will not be affected by variations in the temperature of the 
tubing. If the bulb is installed in a horizontal or an inverted 
position, some of the liquid will run out of the bulb into the 
tubing, there to be vaporized. This vapor will flow back to the 
bulb where it will be condensed and started over on the same 
cycle. The pressure within the system will correspond to the 
temperature within the tubing at the point where vaperization 
takes place, and not with the temperature of the bulb. 

50 Case 8. in that with the 
bulb in an erect position, time must be allowed for the liquid in 
the tubing and gage to vaporize and then to condense in the 
bulb after which the same conditions obtain as in the first part 
of Case 7. 


This case differs from Case 7 


51 These cases can be summarized by stating that if vapor- 
pressure thermometers are properly filled the bulb can be in- 
stalled in any position and accurate results obtained. 


6 If the exposed end of the capillary tubing in the bulb is not sub- 
merged in the liquid, the capillary tubing and the pressure gage will be 
filled with liquid by the condensation of vapor, which will necessarily 
take longer than it would to fill these parts by the displacement of 
liquid from the bulb through the submerged end of the tubing. 
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PRECAUTIONS 
58 When using a pressure gage recording thermometer the 
pen arm should be so adjusted that it bears against the paper as 
lightly as possible and still draws a record, otherwise the friction 
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of the pen on the paper will prevent the pen from moving for 
small changes in the temperature of the bulb. 

59 When changing the chart care should be taken to see that 
there is no lost motion in the mechanism which revolves the 

chart. If such lost motion exists, an error in the time will 
be introduced which is directly dependent upon the amount 
of lag of the chart. 

60 Ink different from that recommended by the manufac- 
turer of the instrument should not be used as the pen may 
become clogged, or the record line on the paper chart may 
spread or may not dry within a reasonable time. 

61 Before taking instrument of the 
vapor-pressure type, time should be allowed for temperature 
and pressure equilibrium to become established as discussed 
in Pars. 42 to 51 


readings with an 


CORRECTIONS 


62 There are no corrections other than those established 
by the calibration that can be applied to the temperature as 


indicated by pressure gage thermometers. 


CALIBRATION 


63 The calibration of pressure gage thermometers can 
be made in several different ways: namely, (a) by com- 
parison in thermometer-comparison baths the temperature 
of which can be controlled 


been calibrated by the U. 8. 


with thermometers that have 


Bureau of Standards or other 
(b) by comparison with substances having 
known melting or boiling temperatures; and (c) 


relial le s« yurces;? 





by com- 


parison with steam of known temperatures, such as_ the 


saturation temperatures corresponding to known and attain- 
able pressures 


Scientific and Engineering Symbols and 
Abbreviations 


Proposals for Three Standards Which Have 
Of the A.E.S.C. to the 


T WILL BE reealled that in the August, 1927, issue of Mrg- 
CHANICAL ENGINEERING, the proposed Standard for Mathe- 
matical Symbols was presented to our readers for their in- 

formation and comment. This was the first proposed Standard 
to be submitted to the sponsors by the Sectional Committee 
for the Standardization of Scientific and Engineering Symbols 
and Abbreviations. Other standards now being prepared by 
this committee are: Symbols for Heat and Thermodynamics, 
Photometry and Illumination, Navigational and Topographical, 
and Abbreviations for Engineering and Scientific Terms. 

The Sectional Committee was organized under the procedure 
of the American Engineering Standards Committee as the cul- 
mination of a series of efforts on the part of the A.S.C.E., A.S. 
Be, LBB, 
The societies which accepted joint sponsorship are the A.A.A.S., 
A.S.C.E., A.I.E.E., S.P.E.E., and the A.S.M.E. Twenty-nine 
national societies and associations have appointed official repre- 
sentatives on the Sectional Committee, which is headed by Dr. 
J. Franklin Meyer of the Bureau of Standards, as Chairman, 
Dr. Sanford A. Moss, Research Engineer, Thomson Research 
Laboratory, as Vice-Chairman, and Preston 8. Millar of the Elec- 
trical Testing Laboratories, as Secretary. 


A.S.M.E. and other national organizations. 


Been Submitted by the Sectional Committee 
Sponsors of This Project 


These proposed standards having been approved by a unani- 
mous vote of the Sectional Committee, are now before the five 
sponsor societies for approval prior to submission to the Ameri- 
can Engineering Standards Committee for approval and desig- 
nation as American Standards, or tentative American Standards. 
Accordingly, we are reproducing them for the information of 
our readers, whose comments and criticisms thereon will be wel- 
Communications should be addressed to C. B. LePage, 
Assistant Secretary, A.S.M.E., 29 West 39th Street, New York, 
N. Y. 


comed. 


SYMBOLS FOR HYDRAULICS 


The proposed tentative American Standard for Symbols for Hy- 
draulies which follows has been developed by a Sub-Committee 
of the Sectional Committee whos? members are Messrs. G. R. 


7 The standard thermometers should be checked for the shifting 
of their calibrations by checking the ice-point and _ boiling-point 
readings by methods described in Pars. ... and... Part 3, Chapter 6. 
This section of the code does not permit of assuming that the indi- 
cations over the whole scale have shifted an amount equal to that 
at the ice point, nor does it permit the use of a standard thermometer, 
the ice point of which has shifted, without a recalibration by the U. 8. 
Bureau of Standards. 
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Russell, Chairman, C. M. Fair, Secretary, C. W. Allen, H. K. Relative to moving casing v 
Barrows, C. A. Bissell, L. L. Daugherty, R. W. Davenport, Of moving casing. . u 
W.S. Franklin, N. C. Grover, F. L. Hunt, L. F. Moody, and Vissasity: 
R. S. Weston. 7 
a: : 2 : Absolute. .. uu 
The letter symbols covered in this standard include those a 
. ‘ Kinematic v 
employed in the computations for hydraulic power plants, tur- SS ; : 
. (Kinematic viscosity = absolute viscosity + density) 
bines, and pumps : ' : 
; Weight: 
Acceleration: . 
Per unit volume (density) w 
In general a ’ ; ‘ 
Per unit time i) 
Due to gravity gq 
Area A Weirs: 
’ . “ad as asured on b 
—__ He id as mea re i } 
Velocity head of approach ho 
Area of section . Crest height Z 
Average velocity . 4 aay : 
oe ~ — ity in section j Crest length B 
de d “ene ise. 
Hydraulic aa R a 
( ét r} Pea s i 
Hydraulic slope S SyMBOLS RELATING TO HyDRAULIC TURBINES AND Pumps 
Length f 
4 a ‘dtl Dimensions: 
Surface width ; :, 
“ <= , } Angle between the absolute velocity of the water and 
Kutter’s coefficient of roughness n : , ; 
‘Se — j the velocity of the runner at any point, measured 
Bazin’s coefficient of roughness m nad ; 
, ’ * * ’ gTees 
Chézy’s coefficient... ( ae he it ™ 
Angle between the relative velocity of the water and 
Coefficient: the velocity of the runner at any point, measured 
Of velocity. c in degrees 
Of contraction c Axial breadth or depth of runner entrance B 
Of discharge. c Diameter of runner or impeller D 
Of roughness, Kutter’s n Diameter of runner or impeller vanes at the middle of 
Of roughness, Bazin’s m entrance space D, 
Of Chézy. "bs Diameter of runner or impeller (inside diameter of 
Density band or shroud ring) Dir 
Diameter D Radius to any point from center of runner or impeller r 
Energy per unit time (power) P ficiency: 
Friction factor used in expressing pipe loss f ls 
I 8 pi ’ Hydraulic. } 
Head: Mechanical. m 
In general hor H Total or overall é 
Elevation head , < Head: 
Pressure head h, Total head at any point H 
ME ze at i oO 
Velocity head hy > : , 
. Potential head at any point 
Lost head (with appropriate subscript) h ate ; 
d ; Pressure head at any point } 
Hydraulic radius R , . 
Hydraulic sl : Velocity head at any point h, 
ydraulic slope » 
(H = he +hp +2 
Pressure: Power: 
) T. 
Intensity of..... p — ‘ rare 
Total : re (f ‘ ower, or energy per unit time Pp 
é ress ; ce . ° 
Cas Peas Yr Power of turbine under 1-foot head P, 
Pipes: Power at brake. Ps 
. . . ¥ , i a) « Tr ‘d 
Average velocity in section | Power from water Pw 
Diameter of... D Notre: Where power is to be expressed in horsepower or other 
; ; units, a statement to that effect s be made. 
Head lost in (with appropriate subscript) h N 1 statement to that effect should be made 
Hydraulic radius R_ Speed: 
Hydraulic slope s Revolutions per minute n 
Length L Revolutions per minute under 1-foot head m4 
— aiieaiaiiiasa wianiaii . > “ - iad 
Power (energy per unit time) I Specific speed or type characteristic. n 
Properties of Water: JP 
n a 
Density . w ee Bind 
. . . 4 
Modulus of elasticity K H’ 
Rate of discharge or flow (vol. per unit time) Q ea . 
: : é P being expressed in horsepower. 
Slope, hydraulic CO eer S ’ 2 , a 
Time t Ratio of peripheral speed of runner to YY 2g ¢ 
Velocity: Ui 


Absolute... ae Ri Vv % = \/ 29H 
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Velocity : 


Angular velocity, in radians per second. w 
Absolute velocity of the water at any point in a rotat 

ing runner or impeller V 
Circumferential velocity of a point on a rotating run- 

ner or impeller. u 
Circumferential or tangential component of the abso- 

lute velocity of the water. Vv 


Meridional component of the absolute velocity of the 
water (component in the plane containing the axis 


of rotation of runner or impeller). V 
Radial component of the absolute velocity of the 

water Vs 
Relative velocity of the water with respect to the 

moving runner or impeller ! 
Note: Subscripts 1 and 2 may be used to refer to the points of 


entrance and discharge in either a runner or impeller, the assumption 
being that the water always flows from point (1) to point (2). Thus 
V; and V2 refer to the absolute velocity of the water at entrance and 
exit from a runner or impeller. 

Note: The German standard symbols for absolute, relative, and 
circumferential velocities ar The Greek y (Gamma 
The large amount of German literature on the 
subject of turbines warrants the statement here of these facts. 


and u. 


Cc, W, 


is used for density 


AERONAUTICAL SYMBOLS 


Happily this proposed tentative American Standard for Aero- 
nautical Symbols has been developed at a time when this industry 
is still young, and consequently will do much toward unifying 
the literature of this subject. The members of the Sub-Com- 
mittee developing this proposed standard are Messrs. Joseph 8. 
Ames, Chairman, W. S. Diehl, Secretary, Harvey W. 


H. L. Dryden, Donald G. Duke, W. R. Gregg, 


Davis, 
Alexander Klemin, 


George W. Lewis, and A. E. Peterson 
Acceleration due to gravity, or gravity constant q 
Air speed V 
Air speed, indicated V; 
Altitude h 
Angle, dihedral + 
Angle, effective helix © 
Angle of attack a 
Angle of downwash € 
Angle of pitch ty) 
Angle of roll or bank 9 
Angle of set of control surfaces (with appropriate sub- 

scripts for different surfaces r) 
Angle of stabilizer setting with reference to lower 

wing B 
Angle of wing setting (angle between the wing chord 

and the thrust line) = 
Angle of yaw.. y 
Angular velocity w 
Area, general S 
Area of parts with appropriate subscript S; 
Area ratio. ..S/b? d 
Aspect ratio BS 

(b/c for rectangular wings 1/X) 

Axes of aircraft (left-handed): 

Longitudinal X 

Lateral id 

Normal. Z 
Ceiling H 
Center of gravity. c.g. 
Center-of-gravity coefficient (with respect to the mean 

chord)... c 
Center of pressure. c.p. 
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Center-of-pressure coefficient 
Chord length 

Climb, rate of... 
Coefficient, absolute 


dh/dt = 


Damping coefficient 

Density, air ee sssseeoaree 

Density relative to standard air density, i.e., 0.12947 
kg-m.~‘-sec.2 at 15 760 
0.002378 lb.-ft. —4-sec.? 

Displacements: 


and 


deg. cent. mm., or 


Longitudinal 

Lateral 

Normal 
Angular: 

In roll 

In pitch 

In yaw 
Distance from e.g. to ¢.p. of horizontal tail surface 
Drag 


Drag, absolute coefficient of. D gs = 


(This form of coefficient should be used only with 


absolute units, 


type of 


type is 


including p in the equation of force. When any other 
unit is used, the form of coefficient should be altered. 
Drag, coefficient of induced 
Drag, coefficient of parasite 
Drag. coefficient of profile 
Drag, induced 
Drag, parasite 
Drag, profile 
Dynamic (or impact) pressure 5p} 
Force, cere SSs-wind 
Force, cross-wind, absolute coefhicient lente R dy qs 
Forces (parallel to axes 
Longitudinal 
Lateral 
Normal 
Gap ; 
Indraft (inflow velocity) 
Kinematic viscosity 
Lift. 
Lift, absolute coefficient of L/qs 
This form of coefficient should be used only with absolute units, 
including p in the equation of force. When any other 
used, the form of coefficient should be altered. 
Lift-drag ratio 
Load factor ‘ 
Loading, specific (with appropriate subscripts for 
different surfaces). pees 
Loading, power; weight per unit power 
Loading, wing; weight per unit area 
Moments: 
Rolling 
Pitching 
Yawing 
Moments, absolute coefficients of: 
Rolling L/qbS = 
Pitching M/qcS = 
NE sic: eer etna eee ee wae N/qbS = 


Moments of inertia about axes: 


Longitudinal. 
Lateral 
Normal. . 


B 
"tod 








800 


Pitch ratio, effective V/ND 
Power r 
P 
———— = "Pp 
pN*D* 
P 
Powre coefficients —— = (p’ 
pl ‘pe 
P 
iors C! 
pl 5/N 
Pressure, general p 
Propeller diameter D 
Propeller efficiency ” 
Propeller rate of rotation N 
Resultant force R 
Reynolds number pVl 
(where / is any linear dimension) 
Slipstream velocity V 
Span b 
Thrust i 
r ; 
a . 
pN?2D4 
= si T 
hrust coefficients — = (7' 
pV2pD? 
i be ” 
een = (7 
pV4/N? 
Torque ; Q 
¢ 
“7 e = Co 
pN 2p 
aa pis ( 
Torque coefficients “an = Q’ 
pV2D 
¢ 
om i Ce 
ph : \ 
Velocities: 
Angular: 
Roll p 
Pitch q 
Yaw r 
Linear (component along axis): 
Roll u 
Pitch v 
Yaw w 
. Viscosity, coefficient of bu 
Weight Ww 


LETTER SYMBOLS FOR ELECTRICAL QUANTITIES 


The following proposed American Standard for Letter Symbols 
for Electrical Quantities has been approved by the Sectional 
Committee on Scientific and Engineering Symbols and Abbre- 
viations and is now before the Sponsor bodies for approval and 
transmission to the A.E.S.C. It was developed by a Sub-Com- 
mittee composed of Messrs. J. Franklin Meyer, Chairman, C. 
H. Sanderson, Secretary, W. H. Burtis, W. J. Canada, E. J. 
Cheney, W. E. Farnham, C. Q. Fink, L. A. Hazeltine, A. E. 
Kennelly, R. W. E. Moore, E. K. Post, C. A. Seaone, A. B. 
Smith, and J. B. Taylor. 


Admittance : 1s 
Angular frequency } 

Angular velocity wf - 
Capacitance A C 


Capacity, electrostatic (see capacitance) 
Conductance. ... 
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Conductivity 
Current I, 
Difference of potential, electric (see note 4) E, ¢ 
Dielectric constant 
Dielectric flux Vv 
Dielectric flux density D 
Efficiency n 
Electric potential (see note 4) E, e 
Electrical tension (see voltage) 

Electromotive force E, e 
Electrostatic capacity (see capacitance) 
Electrostatic flux (see dielectric flux) 
dielectric 


Electrostatic flux density flux density 


Energy W 


(see 


Flux density, electrostatic (see dielectric flux densit\ ) 

Flux density, magnetic (see magnetic flux density) 

Frequency f 
Impedance Z,z 
Inductance j 
Magnetic intensit\ I 
Magnetic flux. p 
Magnetic flux density B 
Magnetomotive force *f 
Mutual 
Number of conductors or turns \ 


inductance V 


Permeability 

Permeance ‘y 
Permittance (see capacitance) 

Period ‘ty 
Permittivity (see dielectric constant 


Phase displacement dor ge 
Power P, p 
Quantity, electric aan 
Quantity of electricity . om 
Reactance A, 2 
Resistance R, 

Resistivit p 
Reluctance CR 
Reluctivity v 
Self-inductance L 
Susceptance b 
Speed of rotation nN 
Voltage E, «¢ 
Work HW 

NovTes 


1 Where distinctions between maximum, instantaneous, effective 
(root-mean-square), and average values are necessary, E,,, J,,, P 
are recommended for maximum values; ¢, 7, p for instantaneous val 
ues, FE, I for effective (r.m.s.) values, and P for aver:ge value. 

2 In accordance with the practice in other branches of engineer 
ing, it is recommended that quantities per unit volume, area, length, 
etc., be represented as far as practicable by lower-cese letters corre- 
sponding to the capitals which represent the total quantities. 

3 In print, vector or complex quantities should be represented 
by bold-face letters. In typing, overscoring may be used to indicate 
bold-face letters (vectors). 

4 Where a distinction between electromotive force and difference 
of electric potential is desirable, the symbols E e, and V v, respectively, 
may be used. 


ry 


THE total value of all air products was $21,161,853 in 1927 
Last year, the United States produced 1995 planes valued at 
$14,504,999. In the first six months of 1928, internal lines ot 
the United States carried under contract 1,278,940 lb. of mail, 
for which they were paid $2,326,400. The total expenditure 
by the Post Office on air mail from 1918 to 1928 amounts to 
$18,924,076. 

















Quarterly Report of Division of Simplified 
Practice 


\ YITH the completion of seven new simplified-practice reeom- 

mendations during the second quarter of 1928, industries 
have now developed a total of ninety-five simplifications in coop- 
eration with the Division of Simplified Practice of the Bureau of 
Standards, U 


During the quarter, a total of nine simplified-practice recom- 


.S. Department of Commerce. 


mendations came before their respective standing committees for 
review. Three were revised, five were reaffirmed, and one (Simpli- 
fied Practice Recommendation No. 28—Sheet Steel) the standing 
committee deemed necessary to divide into two portions, to be 
published separately, one on sheet steel, and the other on iron and 
steel roofing—the latter to be knownas Simplified Practice Recom- 
mendation No. 78. Of the nine recommendations reviewed, six 
were supported by factual surveys, while estimates of adherence 
were accepted for two, and one was reaffirmed without either a 
resurvey or estimate. 

Nine general and twenty-one preliminary conferences were held 
by various industries, under the auspices of the Division of Simpli- 
fied Practice, for the purpose of discussing proposed simplifica- 
tions. There were also five general and twelve preliminary con- 
ferences held by the Commercial Standards Unit, another part of 


th 


representative business men visited the Department to gather 


In addition, 


e Commercial Standards Group. ninety-seven 


first-hand information regarding its work. Of this number, five 
were from foreign countries. 

\ growing recognition is evident among manufacturers that a 
fertile source of hidden profits lies in the elimination of excessive 
variety in the goods offered the public. Lines, items, sizes, 
types, styles, or models, even brands for which there is little, if any, 
lemand, are being dropped in favor of those that enjoy a better 
turnover in response to sustained or fairly continuous demand. 
Che resulting concentration of manufacturing and selling effort 
on stocks thus simplified is yielding tangible benefits, such as 
smaller inventory investments, better turnover, lower costs, 
better service, and better profits. 

Distributers, wholesale and retail, are finding they can apply 
simplification to their own stocks, as manufacturers have been 
doing for some years past, and with similar benefit. This is in- 
dicated in the increasing number of instances coming to light of 
jobbers and merchants who have applied simplification success- 
fully and profitably. As the experience of those who have bene- 
fited from this form of waste-elimination effort becomes more 
generally known, other distributers are evidently taking hold of 
the idea. That more of them are testing its application in their 
establishments, or seriously considering doing so, is reflected in 
the steadily increasing number of inquiries regarding simplifica- 
tion, inventory control, etc., coming into the Department of 
Commerce. These inquiries cover all kinds of retail business, dry 
goods, groceries, hardware, auto accessories, plumbing supplies, 
leather goods, and many more. 


Notes of Interest 


Speeds of Driven Machinery (Z18.) The American Society 
of Mechanical Engineers, acting as sponsor for the sectional com- 
mittee which is to formulate a national standard for speeds of 
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driven machines, has sent out invitations to membership in the 
sectional committee and an organization meeting will be held as 
soon as sufficient appointments have been received. 

A letter from Germany states that the machine-tool manu- 
facturers of that country now have in mind to standardize sys- 
tematically the number of revolutions per minute of machine 
tools on a general basis of geometric or logarithmic progression. 
It is regarded as beyond question that such standardization will 
be enormously profitable not only for the manufacturer of ma- 
chine tools, but also for the use of the latter in production. A 
tentative proposal is to standardize revolutions per minute from 
one to five thousand, with a ratio of increase of 1.259 = 4/10, 
or the ten series of the “preferred numbers” system. 

In this connection it is interesting to note that the American 
committee working on machine-tool standards has voted to use 
the principle of ‘preferred numbers” in all its dimensional stand- 
ardization whenever possible. 

Progress Presentation (Z15.) A 
proposed Tentative American Standard on Terminology in 
Graphic Presentation has been prepared by a sub-committee of 


in Standards for Graphic 


the sectional committee on Standards for Graphic Presentation, 
under the chairmanship of Mortimer B. Lane, of the Census 
Bureau, Washington, D. C. 

Definitions (with discussion) are offered for: Inquiries and 
Projects, New Orders, Cancellations, Net New Orders, Unfilled 
Orders, Shipments, Transshipments, Stocks, and Production. 
A copy of the report is available for reference by those interested. 

“Certification” in the Lumber Industry. A pamphlet submitted 
to the National Lumber Trade 
Campaign is available, presumably without charge, upon appli- 
cation to the National 
Washington, D. C. 


industrial 


subscribers of the Extension 


Lumber Manufacturers’ Association, 
This diseusses one of the most important 
“commodity certification” plans that has yet been 
developed, and will be of interest to all who are concerned with 
the attitude of trade associations toward the use of specifications 
and their specific application through designating marks. It 
provides information as to the terms of the license agreement 
under which the mark may be used, and the principal effect of 
such marking upon trade practices and upon consumer accept- 
ance of lumber in relation to competing products. 

Economic Gains Through Standardization. The progress of 
standardization in bringing about better goods for the consumer 
is evidenced in a recent notice appearing in a number of news- 
papers reporting the fact that tests by the Bureau of Mines of 
samples of gasoline from all parts of the country showed very 
little variation from the average quality. The statement says: 
“QOil is another great industry that by standardization, consoli- 
dation, and cooperation is furnishing the market with a superior 
and uniform product.” 

Another newspaper item quotes William C. Durant, discussing 
the recent Dodge-Chrysler merger, as saying: ‘Standardization 
eliminates much waste in the automobile industry, and provides 
vast improvement on design and mechanical perfection.”’ 

In another important article in the New York Times of June 
10, reporting an investigation of profit trends in American in- 
dustry, made by the American Association of Cost Accountants, 
Mr. Bullis, director in charge of research for the association, in 
the conclusion of his report makes several suggestions looking to 
the maintenance of net profits at a satisfactory level. His first 
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recommendation is the elimination of waste by educating the 
management in business fundamentals, by keeping expenses 
down generally, by standardizing products and methods, by adopt- 
ing sound credit policies, and by utilizing all by-products in the 
most profitable manner. 

Siz New Projects Proposed. 
ardization projects for mechanical equipment under the auspices 
of the American Engineering Standards Committee has been 
requested by The American Society of Mechanical Engineers. 
These projects, which are now being considered by the A.E.S.C. 
are: 

{1) Iron and Steel Bars. 
shapes and lengths for iron and steel bars including flats, squares, 
rounds, and other shapes. The standardization of Woodruff 
keys, a project now under way under A.E.S.C. auspices, has em- 


The initiation of six new stand- 


Standardization of stock sizes, 


phasized the necessity of standardizing the sizes and shapes of 
iron and steel bars, particularly in reference to the dimensions 
and tolerances of hot- and cold-finished bars. 

(2) Splined Shafts and Splines. Standardization of splined 
shafts and splines. It is recommended that the scope of this 
subject include a study of the relations between keys and shafting 
of various kinds; square and flat keys, both parallel and taper; 
splines and double keys, ete. Both solid and hollow shafting will 
be considered. 

(3) Electric Sockets and Lamp Bases. Standardization of 
rolled threads for screw shells of electric sockets and lamp bases. 
The purpose of this project is the development of thread stand- 
ards for the new “‘intermediate’’-size lamp socket and base, and 
the review and revision of present manufacturing practice for 
the older types. 

(4) Stud-Bolt Dimensions. 
stud bolts, including thread dimensions and working tolerances. 

(5) Gages for Pressure and Vacuum. The standardization of 
pressure and vacuum gages may include, in addition to specifi- 
cations for accuracy and temperature of calibration, such items 
as ratings of capacity; arrangement of graduations, numerals 
indicator hand, and certain features of the interior mechanism; 
and the position of stop pins. Establishment of standards for 
test equipment and standard methods for testing gages have also 
been recommended. 

Besides decreasing the accident hazard, it is expected that the 
work will benefit manufacturers and purchasers of gages by re- 
placing the great number of sizes and types now being manu- 
factured by a comparatively small number of standard sizes and 
types based upon the findings of the committee of technical experts. 

(6) Leather Belting. If approved, this project will cover, as 
requested by the A.S.M.E.: 1, Quality (standard material speci- 
fication); 2, Capacity (horsepower rating); 3, Weight (dimen- 
sions, thickness, and weight), and 4, Care and Maintenance of 
Belting. 

Precedent for belting standardization is found in the work of 
the American Petroleum Institute, which has established stand- 
ards for all types of belting used in the oil industry. The In- 
stitute estimates that its specifications and recommendations for 
care and usage increase the service value of belting purchases by 
25 per cent. 

It is believed that such standardization, and the broader use 
of the test data underlying it, would lead to a great increase in 
the present knowledge of the properties of leather belting. 

Standards for Letter Symbols (Z10). Three sub-committees 
of the sectional committee on Scientific and Engineering Abbrevi- 
ations and Symbols have recently completed their work to the 
point of submitting proposed standards to the sponsors of the 
following proposed tentative American Standards: ‘Symbols 
for Hydraulics,”’ “Aeronautical Symbols,” and “Letter Symbols 
for Electrical Quantities.” 


Standardization of dimensions of 
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These standards have already been circulated for criticism and 
comment, the results of which have been incorporated in the pres- 
ent text. The chairmen of the sub-committees which developed 
these reports are: ‘Symbols for Hydraulics,” George E. Russell, 
Professor of Theoretical Hydraulics, Massachusetts Institute of 
Technology; ‘“‘Aeronatical Symbols,’ Joseph S. Ames, Director 
of the Physics Laboratory, The Johns Hopkins University; and 
“Letter Symbols for Electrical Quantities,’ Dr. J. Franklin 
Meyer of the Bureau of Standards. 

These three proposed standards are reproduced on pages 797 
to 800 of this issue of MrecHANICAL ENGINEERING. 

(A13). The 


National Safety Council and The American Society of Mechan 


Scheme for Identification of Piping Systems 


ical Engineers, acting as joint sponsors, submitted a proposed 
Scheme for Identification of Piping Systems on July 9, 1928, to 
the A.E.S.C. for approval and designation as a Recommended 
American Practice. As soon as this report receives the approval of 
the A.E.S.C. it will be issued by the A.S.M.E. in pamphlet form 

Skid Platforms (S.P.R. 95-28). 


mous action of a general conference of representative manu- 


In accordance with the unani- 


facturers and users of skid platforms held in Washington on 
June 28, 1928, the Department of Commerce submits for the 
approval of the industry the following list of clearance dimensions 
for skid platforms; 

a Clear height from bottom of runners or other supports to 
under side of platform, 8 in. and 12 in. 

b Minimum horizontal distance between inside of runners or 
other supports, 29 in. 

If approved by manufacturers and users of skid platforms, this 
recommendation shall become effective October 1, 1928. 

Safety Rule for Construction Industries. On June 29, 1928 
a conference on this subject met in the Council Room of the 
A.S.M.E., having been called by the A.E.S.C. at the request of 
the Association of Governmental Labor Officials of the U.S. and 
Canada. 

The Conference was well attended by official representatives 
of 23 societies, trade associations, and governmental organiza- 
tions interested in this problem. After full discussion it was 
voted “‘that a set of national safety regulations for construction 
work be developed by a sectional committee under the auspices 
and procedure of the American Engineering Standards Commit- 
tee.” A steering committee was then appointed to block out the 
scope of work on safety measures for the construction industries, 
and to advise in regard to the organization of the work, including 
such matters as the constitution of the sectional committee, 
sponsorship, ete. 

This committee met in the afternoon and made the following 
recommendations: 

a That the Associated General Contractors of America, and 
the Association of Governmental Labor Officials of the United 
States and Canada be recommended to the A.E.S.C. as joint 
sponsors for the proposed safety rules for the construction in- 
dustries. 

b That it be recommended to the A.E.S.C. that the scope of 
the proposed code or codes on construction work be confined to 
the construction, demolition and repair of buildings; including 
excavation, foundation work, steel erection, scaffolding, lighting, 
openings, temporary floors and stairs, in relation to accident 
hazards to employees and to the public. 

New Year Book of A.E.S.C. Available. The 1928 edition of the 
A.E.S.C. Year Book is just off the press, and a copy together with 
an up-to-date list of approved standards may be had for the 
asking. 

For a review of the Committee’s activities attention is called to 
the sections dealing with ““The Year’s Work,” and the classified 
list of Standardization Projects (pages 28-53). 











HIS Department is intended to afford individual members of 

the Society an opportunity to exchange experience and infor- 
mation with other members. It is to be understood, however, that 
questions which should properly be referred to a consulting engineer 
will not be handled in this department. 

Inquiries will be welcomed at Society headquarters, where they 
will be referred to representatives of the various Professional Divisions 
of the Society for consideration. Replies are solicited from all 
members having experience with the questions indicated. Replies 
should be as brief as possible. Among those who have consented to 
assist in this work are the following: 


ARCHIBALD BLACK, J. L. WALSH, 
Aeronautic Division National Defense Division 
A. L. KIMBALL, JR., L. H. MORRISON, 
Applied Mechanics Division Oil and Gas Power Division 
H. W. BROOKS, W. R. ECKERT, 
Fuels Division Petroleum Division 
R.L. DAUGHERTY, — F. M. GIBSON and W. M. KEENAN, 
Hydraulic Division Power Division 
WM. W. MACON, WINFIELD S. HUSON, 
Iron and Steel Division Printing Industries Division 
JAMES A. HALL, MARION B. RICHARDSON, 
Machine-Shop Practice Division Railroad Division 
CHARLES W. BEESE, JAMES W. COX, JR.., 
Management Division Textile Division 
G. E. HAGEMANN, WM. BRAID WHITE, 


Materials Handling Division Wood Industries Division 


Wood Industries 


MANUFACIURE OF Woop FLovr! 


WI-1 What methods are employed in the manufacture of wood 
flour and for what purposes are the products used? 


Valuable information on this subject appears in the report of 
the National Committee on Wood Utilization, entitled “Saw 
Dust and Wood Flour,” issued by the U. 8. Department of Com- 
merce. The following information taken from the bulletin may 
prove valuable. 

The estimated annual production of wood flour in the United 
States is slightly in excess of 24,000 tons, with a total value of 
about $750,000. In addition to the domestic supply, 6413 tons 
were imported from Europe in 1926. Fully 75 per cent of the 
wood flour manufactured in the United States is made from white 
pine and the success of the enterprise depends upon having a 
combination of, first, sufficient raw material of the proper kind, 
and second, an abundant supply of cheap electric power for re- 
ducing the raw material to flour. 

Wood flour might properly be considered as a by-product of the 
lumber industry because over 60 per cent of that produced is 
manufactured from wood shavings and sawdust. However, the 
sawmill or planing-mill owner should not be misled by the im- 
pression that all of his sawdust, chips, and mill ends can be led 
through any type of grinder and be made to yield handsome 
profits. It is not only necessary for the successful producer of 
wood flour to study the most approved and efficient grinding 
methods, but he must also study carefully the requirements of 
the consumer. 


! This subject has been discussed in a previous issue. 


About 40 per cent of the wood flour produced in this country, 
and apparently all of that made in Northern Europe is ground in 
stone mills, which are an adaptation of the old burrstone mills, 
used for the grinding of wheat and other grains. There are a 
number of patented pulverizing machines on the market which 
in general might be divided into three types: attrition mills 
(double or single) hammer mills, and roller mills. 

In the manufacture of wood flour, there is a constant danger 
of dust explosions and fires, which are started inside the grinding 
mills, usually by small pieces of steel that go through the mill 
with the shavings and other material being ground. This hazard 
may be reduced and at the same time damage to the mil! re- 
duced by providing an electric magnet to pick out the metallic 
objects. 

It is estimated that 15,500 tons of wood flour enters into the 
manufacture of linoleum. In the manufacture of explosives, 
wood flour has its greatest usefulness as a constituent of dynamite 
and is used to the extent of about 7500 tons annually. Kiesel 
guhr, a fine siliceous earth, was the original absorbing medium 
used in the manufacture of dynamite, but this is given almost 
entirely to the use of active constituents of which wood flour 
in varying degrees of fineness, supplemented in some cases with 
wheat flour, corn meal, and sawdust, enters as the most impor- 
tant materials. Miners, quarrymen, and other users have learned 
to associate light color with fresh, high-quality dynamite, and for 
this reason the wood flour entering into the manufacture thereof 
must be light in color. The situation is unfortunate because 
many species of slightly colored woods could be made into equally 
good wood flour. 

With the successful development of phenol resins, there has 
been a sizable increase in the quantity of wood flour used as a 
filler with these resins when molded into usable articles such as 
radio dials, telephone parts, ete. The product for this purpose 
must be of a fine grade; one manufacturer reports that it must 
pass through a 60-mesh sieve, but it is thought that most other 
manufacturers demand even finer grades. Doll manufacturers 
also make use of wood flour in the manufacture of unbreakable 
dolls. Manufacturers of oatmeal wallpaper also demand this 
product. Another use is in the manufacture of composition 
flooring made chiefly from caustic-magnesia cement, sawdust, 
and wood flour. 

The chief problem confronting industry according to the 
report of the Committee is for further uses of wood flour, and it 
is the hope of the Committee that it may hear from any individual 
or organization familiar with additional actual or possible appli- 
‘ations for this interesting by-product of the tree. Readers of 
MECHANICAL ENGINEERING will render a service if additional dis- 
cussion of the subject is offered in this department. (P. H. 
Bilhuber, Assistant Factory Manager, Steinway & Sons, Long 
Island City, N. Y.) 


Question to Which Answers Are Solicited 


BoILeR CorrosION 


P-1 On boilers without economizers fed through feedwater 
heaters operating at 210 deg. fahr., or thereabouts, has 
there ever been evidence of corrosion due to lack of deaera- 
tion? If so, under what conditions and circumstances did it 
occur? 
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Better Riveted Joints 
To THe Eptror: 

I was much interested in the editorial on riveted joints in the 
July issue of MECHANICAL ENGINEERING, as it brought to mind the 
suggestion made about six years ago to our research committee 
that we at least get together the bibliography of riveted joints. 
I believe that was done. I feel that the reason that our rules 
have not been changed for a decade is because these rules are safe 
andrational. Joints made from designs following these rules have 
been safe and satisfactory joints: joints which could be inspected, 
joints which are dependable. I do feel, however, that there are 
many things which we should still know. Stress distribution and 
concentration, eccentric loading, axial tension and its effects, are 
a few of the things which the practitioner should know as well as 
the research specialist. 

Artuur M. GREENE, JR.! 

Princeton, N. J. 


Supercharging Diesel Engines 
To THe Epiror: 

I wish to call attention to the thermodynamics on page 475 
of the June, 1928, issue of MecHanicaL ENGINEERING. The 
next to last paragraph, first column, in the article on ‘“‘Super- 
charging Diesel Engines”’ is interesting, if true. 

The author states, “This air on reexpansion to atmospheric 
pressure through the nozzle C will have its temperature reduced 
to (540 X 14.7)/16.2 = 
reexpansion becoming 30 deg. fahr., and the pressure being 
atmospheric but containing the same weight of air per cubic foot 
as was contained per cubic foot when its temperature was 80 
deg. fahr. and its pressure 1'/, lb. gage.”’ 
gotten his elementary thermodynamics. 

I have made the following calculations to show that the 
assumption is over 7 per cent in error, using the given pressures 
and the initial temperature: 

From the fundamental gas equation PV = MBT, letting V = 
1 cu. ft., the initial density M = (16.2 * 144)/53.34 x 540 = 
0.0810 Ib. per cu. ft. Also from the relation between absolute 
temperatures and pressures 


490 deg. abs., the temperature after 


The author has for- 


n—I1 


T» T; - (P2 P;) 4 





where n = 


1.4, 

Tz = 540(14.7/16.2)°-287 = 526 deg. abs. 

With this final temperature, 66 deg. fahr., the resulting density 
is found to be 


14.7 X 144 


= —————_— = 0). 0755 Jb. per cu. ft. 
53.34 X 526 


1 Dean of School of Engineering and Professor of Mechanical En- 
gineering, Princeton University. Mem. A.S.M.E. 
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The percentage difference of the initial density compared to that 
of the final density is then found to be about 7.3 per cent. 

The author’s fallacy lies in the expression equating the abso- 
lute temperatures proportional to the pressures which is only 
true for a constant volume change of state as expressed in the 
law of Charles. 

Philadelphia, Pa. L. MorGan Porrer.? 


Higher Steam Pressures 

To THE Epriror: 

Referring to the paper entitled ‘‘Higher Steam Pressures’’ 
(Trans. A.S.M.E., vol. 50, no. 15, May-August, 1928, p. 28), 
by Nevin E. Funk, the form of load curve called ‘‘occurrence’”’ 
curve by the author is not, as he states, ‘‘new,”’ for the writer 
developed it in 1914 (see Trans. A.I.E.E., vol. 33, part 1). The 
curve has more useful characteristics than Mr. Funk points out, 
which may be briefly outlined as follows: 

From the usual load curve expressed as a per cent power curve, 
i.e., With maximum power as 100, as shown in Fig. 1 herewith, 
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Loap CURVE 
there is derived a curve which the writer has ca led the ‘per cent 
load’? curve. This is YRPLX of the figure. The 
ordinates of this curve show relative power, with maximum 


shown at 


power as 100, and abscissas show “peak energy’’ expressed in 
terms of the total energy represented by the load curve as 100. 
Referring to the figure, the abscissa OK of the point P gives the 
percentage of the total energy that is includec above the power 
line NQPU. 


“base power.”’ 


The coordinates are then “peak energy’’ and 
“Base energy” and “base power’ might have 
been used, but the choice made simplifies the use of the curve. 
“Base energy” is given by the abscissa measured to the left 
from X; that is, ‘base power” is KP and “base energy,” AX; 
“peak power,” NY, and ‘“‘peak energy,”’ NP. 

This curve is made up of a straight line from NX up to the 
point Z of minimum power MSL, and a curve tangent to this 
straight line XL at the point L. This part XLis straight, because 
energy and power are directly proportional up to the point of 
minimum power. 

This “per cent load’’ curve possesses several interesting proper- 
ties: 


2 Aero. Engine Lab., Philadelphia Navy Yard. Jun. A.S.M.E. 
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1 The line XL continued, intercepts the Y-axis at a point F; 
OF is the load factor of the total load. 

2 <A line drawn from Y through any point P intersects the 
X-axis at point 7; the load factor of the peak load above P 
is equal to the load factor OF of the total load multiplied by 
OT; OF X OT is the load factor of the peak load above P. 

3 A line drawn from X through any point P intersects the 
Y-axis at the point G; the load factor of the base load below P is 
OF OG. 

t The load factor of any intermediate load, e.g., between 
P and R, is equal to OF X tan QRP. 

These theorems are proved in the paper cited. 

Cary T. Hurcuinson.? 
New York, N. Y. 


Some Common Delusions Concerning 
Depreciation 
To THE Eprror: 

In the discussion of his paper on “Some Common Delusions 
Concerning Depreciation” in the August issue of MECHANICAL 
ENGINEERING, page 617, Mr. Ernest DuBrul deals with the ques- 
tion of depreciation reserves and voices very strongly his opinion 
that depreciation should be computed not on the basis, as has 
so often been adopted by accountants, of taking the original 
cost of the assets and dividing it by the estimated life, but should 
be computed on the replacement value of assets. 

The basis of replacement value of assets for the purpose of 
computing depreciation is entirely fallacious and is unsound in 
principle. This statement is capable of proof in many ways. 
Depreciation is a charge made from period to period for the loss 
occasioned by wear and tear of the capital assets of the business. 
Depreciation is charged in the accounts of a business either 
monthly or annually or at any other periodical division of time as 
desired, but in the final analysis it is nothing more or less than an 
attempt to charge the cost of capital assets to the periodical 
operating accounts of the business instead of having the charge 
come in one period, either when the assets are bought or when 
they wear out. Monthly or annual charges for depreciation have 
the effect of equalizing the capital costs of operating a business 
over the life of the assets with which the business is carried on. 

In a very general way, businesses may be said to run in cycles 
or periods of time which to some extent coincide with a generation 
of people. A generation may be assumed to be a period of ap- 
proximately thirty years, on the assumption that a man’s useful 
business career is between the ages of 30 and 60. It is therefore 
contended that each generation should pay for itself. That is to 
say, the cost of living which occurs during the period of a genera- 
tion should be absorbed by the people of that generation, and not 
be passed on to the next generation, and likewise the people of 
one generation should not be asked to pay for any excessive cost 
of living which might arise in the next generation. Applying this 
principle, we arrive at the conclusion that each generation should 
pay for the cost of the capital assets of productive enterprises 
during the life of that generation. 

A simple example of this would be a public utility furnishing, 
let us say, electric current to the people of a community. Let us 
assume that the utility was purchased in the year 1900 and ma- 
chinery was set up at that time to provide a certain community 
with electricity. The funds to purchase the capital assets of the 
enterprise were partly paid for by public subscriptions among the 
people of the community, while further funds were obtained 
through borrowing on an issue of first mortgage sinking-fund 
bonds. It is one of the elementary principles of investment 





* Consulting Engineer, Sanderson & Porter. 
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that an investor should receive a fair rate of return on his capital, 
plus the return of his capital eventually. Now the question is: 
What should be the charge for electric current? 

In the first few years of the enterprise no one would be able to 
guess, with any degree of accuracy, what would be the replace- 
ment cost of the assets. Therefore it would be exceedingly diffi- 
cult to make any depreciation charge for the purpose of fixing 
selling prices of current other than one based on the original cost 
of the assets. In years to come it might be discovered that owing 
to conditions that had arisen subsequent to the War, there was a 
material increase in the cost of replacement and that in a general 
way the costs of commodities had ascended to a high level to which 
it appeared they were likely to continue. Under such circum- 
stances it would become necessary to step up the cost of current 
to take care of the added replacement cost which had just been 
ascertained. If such increased cost were ascertained, let us say, 
about five years or so before the capital assets were theoretically 
due for replacement, it would mean quite an increase in cost and 
selling prices, all of which would not be practical. 

We therefore get back to the theory that, assuming the elec- 
tric-light plant was good for 30 years, the first generation of 
people from 1900 to 1930 should pay for its cost in the cost of 


current. The next generation of people from 1930 to 1960 
should pay for the second replacement at the original cost plus 
the higher cost due to the increased cost of commodities. There 


is no reason why the first generation shouldpay for the added cost 
of a plant which is for the benefit of a second generation. 

Costs are constantly increasing from cycle to eyele, and prob- 
ably have done so ever since the world began, and it is therefore 
contended that the theory of each generation’s taking care of its 
own cost is thoroughly sound in practice. 

Therefore, in conclusion, the writer contends that depreciation 
should be computed either by the rough and ready original-cost 
method divided by the approximate number of years’ life of the 
plant, or by the more refined method known as the annuity basis, 
which, however, has its basis on original cost. However, where 
extraordinary circumstances arise, such as did arise temporarily 
during the Great War, where commodity prices soared to extraor- 
dinary heights and profits were made in proportion, there is no 
doubt that allowances should have been made for the writedown 
of any plants built during such a period. This is amply illus- 
trated by the special allowance made by the Government at that 
time known as ‘“‘amortization.”’ 

With regard to the recommendation that depreciation reserves 
be kept in liquid securities as a real cash reserve so that they will 
be promptly available when needed, the advisability of doing this 
is seriously questioned. While in some cases such as mines and 
other wasting assets it may be highly desirable, it occurs to the 
writer that in the case of ordinary manufacturing plants and 
trading operations which have a more or less permanent existence, 
a concern can very well afford to reinvest its depreciation reserves 
either in added capacity or in increased inventory. Generally 
speaking, under normal circumstances more profits should be 
made out of funds invested in the business than invested in out- 
side securities, and it is always possible to estimate in advance the 
time for replacement of capital assets and have the money avail- 
able when the time occurs for such replacement. This may ne- 
cessitate the investment of additional capital, which, however, 
should not be so difficult if the business is successfully operated. 

The recommendation made by Mr. DuBrul that depreciation 
money should be kept in securities seems to the writer only of 
value in cases of concerns operating with wasting assets or con- 
cerns whose managements are not able to properly watch their 
finances. 

Cuar.es H. Brook. 

Akron, Ohio. 
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Let the War Go On! 


As WARS are won by the nations with the greatest productive 
4 % capacities, so business competition hinges on maximum pro- 
duction at minimum cost. The smashing battles for orders that 
are being waged today in automobiles, radio, household ma- 
chinery of all kinds, and many other lines have brought about a 
situation that was paralleled only during the war. The brains 
of those who know how to improve production methods and the 
plants of those who build tools are again under the stress of a 
great war—this time, however, for markets and dollars. 

There is the same impatience at delayed deliveries, and the 
same intense urge for quantity. Rapid shifting from an improve- 
ment to a later one, constant search for better ways, mark this 
conflict. Fortunately it is bringing our needs and our luxuries 
to us at a lower cost, and the new methods developed in this stern 
competition are available for other production operations. Let 
the good war go on! 


Impartial Expert Evidence 


HE practice of calling expert witnesses in court cases has 
raised many questions in the minds of the members of those 
professions from whose ranks such witnesses are drawn, and it 
seems impossible for the public to understand how professional 
men can honestly have different opinions regarding the same 
groups of facts. A committee of the New York State Bar Asso- 
ciation has prepared a bill for submission to the Legislature which 
has as its object the correction of abuses in giving expert evidence 
where the bias and prejudice of experts in favor of their employer 
is plainly manifested. The bill would permit any court to ap- 
point of its own volition or on motion of one of the parties from 
one to three impartial experts to examine the issue and testify 
at the trial. These experts are to be subject to the same examina- 
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tions for competency, bias, and qualifications, and the jury is to 
be instructed that their evidence shall be weighed along with 
that of experts produced by the parties to the issue. These ex- 
perts are to be examined by the court and may be cross-examined 
by both parties. Compensation is to be apportioned on the out- 
come of the case. One novel proviso requires experts to furnish 
a written statement of conclusions reached to the court and to 
both the parties. 

The bill has been read by several engineers and it seems to 
have sufficient merit to be worthy of trial. Whether it will 
bring about an agreement among the experts as to the essential 
facts in any case is problematical. Experts of integrity may often 
hold divergent opinions in the application of the same facts. 
The important thing is to have them all available to the experts 
who are called upon for an opinion. Some cases have shown that 
it is possible for engineers on opposite sides to agree on facts. 
This is an approach toward experts serving both sides as well as 
the cause of justice, and saves time and expense. If the court’s 
witnesses can aid in bringing about an agreement on the facts 
involved, a substantial step forward will result. 


Remodeling Agriculture 


N A GREAT many respects, American agriculture is still in the 

cottage stage of development. Just as a century ago shoes and 
woolens were made by individual craftsmen, so today a large 
part of our farm produce is grown on a small scale. And while 
the modern farmer cannot get along without machinery and while 
this machinery is improving rapidly, and new devices are being 
made and their use being extended, great concentrations of agri- 
cultural producing power are not common. A description of one 
of these, however, appears in this issue of MECHANICAL ENGINEER- 
ING along with other interesting discussions of the engineering 
and economic problems of agriculture which occupied the honor 
place on the program of the A.S.M.E. Summer Meeting. 

These papers show that the agricultural problem has a definite 
engineering phase. Mr. Campbell’s experience, which is reported 
in detail, indicates that the application of machinery on a large 
scale is successful in producing wheat and flax at low cost. Other 
developments of the engineering mind may reduce the costs still 
further. It is logical to believe that the principles Mr. Campbell 
used so successfully can be applied to other farm products. As 
engineering skill has made over industry generally, so it can re- 
model agriculture, transforming it from a method of making a 
living to a sound industry that will attract the best brains and 
capital. 


The Powdered-Coal Diesel Engine 


HE original idea of Rudolph Diesel was that of an engine 

which would burn powdered coal in accordance with the 
cycle which bears his name. At the time this did not prove 
successful, and very shortly afterward the idea was abandoned. 
The German companies which took over the Diesel patents pro- 
ceeded to develop an oil-burning engine and did it in a remarkably 
successful manner. 

A few years ago, however, the idea was taken up again in 
Germany by several investigators. Of these Pavlikowski was 
apparently the only one to achieve actual success. He found that 
a Diesel-type engine can actually run on powdered coal broken 
up to a fineness not exceeding that used in boiler firing, and that 
to all practical purposes any kind of coal can be used more or 
less successfully. As usual, many of the troubles anticipated in 
advance never occurred, and, for example, the wear on the 
cylinder and piston rings in the powdered-coal engine proved to 
be quite reasonable, and certainly not sufficient to place any 
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obstacles in the way of commercial utilization of the engine. 

It need hardly be said that a Diesel engine running on powdered 
coal even with a lower efficiency than on oil would prove to be 
of immense importance commercially. One thing that retards 
the adoption of Diesel engines for energy generation is the ques- 
tion of the cost of oil. Just now we in the United States are 
passing through an era of low oil prices. Coincidentally, how- 
ever, we are using up like spendthrifts the patrimony of ages, 
and burning up in a comparatively few vears resources which 
under proper management should last the country for genera- 
tions to come. 

There is, therefore, a certain reluctance with regard to adopting 
a form of power generation, the economy of which is dependent 
on the price of oil. When it comes to coal, however, there can 
be no such reluctance. Our coal resources are so enormous that 
even if utilized at a rate several times greater than that of today 
they would still last for many scores, possibly hundreds, of years 
The situation in the coal industry, moreover, is such that high 
prices need not be feared. In fact, the increasing mechanization 
of coal mines would lead one to believe that lower prices will come, 
combined with a higher standard of living of those employed in 
that industry. If powdered coal can be actually used in com- 
mercial Diesel engines this will be a great boon to the manu- 
facturer of such engines, who then will find a far greater market 
than that of today; to the coal industry, which at present is 
suffering from underproduction not only in this country but in 
England as well; and finally and mostly to the public, which 
will obtain a new and convenient form of power generation and 
will not have to waste comparatively rare oil, but will rely instead 
on our plentiful abundance of coal 


Super-Conventional Design 


|" IS typical of human nature to look for improvements in 
distant fields. That the 
has been the saying for thousands of years. 


next pasture is always greener 
The small-town 
fellow tries to get away to the large city to look for opportunities, 
while the big-citv chain store comes to the small town and man- 
iges to find there its opportunity. 

The same apparently applies to machinery. It is probably 


much easier—certainly more fun-——to improve existing machinery 
by making radical changes than by refining present designs. In 
this country, particularly, where records are valued for their 
own sake, there is an unquestioned desire to have the plant with 
the biggest steam turbine, the highest steam pressure, and the 
topmost steam temperature. This applies also to marine engi- 
neering. When the Diesel engine began seriously to threaten 
steam on the high seas, the first thought was to break away en- 
tirely from approved practice and introduce pressures and tem- 
peratures which up to that time had been unheard of in marine 
plants. Thus Sir Charles A. Parsons proposed his famous tur- 
bine, operating at 500 Ib. and 700 deg. fahr.; and this tendency 
was actually embodied with considerable success in the King 
George V. 

But then the ‘Beaver’ class ships of the Canadian Pacific 
Fleet beat. the 
under practically con- 
ventional steam conditions of 250 Ib. per sq. in. and 650 deg. fahr. 


very up-to-date and master-like in their design 
efficiency records of the King George V 


\ still more remarkable example of the possibility of obtaining 
high efficiency by means of intensive study of plant equipment 
rather than by radical departures from standard design is shown 
by the Padiham Central Station, described in an abstract in the 
in this issue. This station 
could have been built fifteen years ago exactly as it is today. 
Scarcely an invention made in the last fifteen years has been in- 
corporated into the design of this station, aside from some measur- 
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ing or indicating devices, and yet it gives the surprising efficiency 
of nearly 21 per cent at an initial cost of about $60 per kilowatt 
completely installed. 

To make the story complete, it may be asked why the 
Padiham Station or one like it was not built fifteen years ago. 
The answer is probably found in the practice of the chain stores 
When 
the big-town chain-store system installs a store in a small town, 
It takes 
years of life in a large city to make a boy born in the country 


which were referred to at the beginning of this editorial. 
a boy raised in a small town is placed in charge of it. 


realize the opportunities of his home town, and it was only as a 
result of the thorough study of the engineering features involved 
in the most modernly equipped plants that the design of the 
There is 
no question that Just as in military tactics it becomes necessary 


super-conventional Padiham plant became possible. 


to consolidate a position after each advance, -so in engineering 
it pays to stop from time to time and look backward to make 
sure that in the hurry of the forward rush, important opportu- 
nities have not been overlooked. 


Carbon vs. Alloy Steels 


[ TP TO, SAY, twenty-five years ago, carbon steels were prac- 

tically the only ones used. Hadfield’s manganese steel was 
the first to reveal what alloying can do to steel, but it had a 
narrow range of uses and did not come into real competition 
with carbon steels. Taylor and White’s high-speed steel was 
spectacular, but again very clearly limited to one specific field. 
As a general material of construction in bridges, structural work, 
and machinery, carbon steel was preeminent. However, alloy 
steels have gradually forged to the front. The early nickel and 
chrome-nickel steels had properties decidedly superior to those 
of carbon steels of the day, with the important limitation, how- 
ever, that these properties would be imparted to the alloy steels 
only when the latter were properly made and properly heat 
This was not always the case, and there was therefore a 
certain amount of distrust, more or less indiscriminate, of heat- 
treated material and alloyed material. It was fortunate for 
the alloy steels that their appearance on the market coincided 
roughly with that of the automobile. 


treated. 


The automobile decidedly 
could not be built well of such carbon steels as were then avail- 
able, for it required a combination of comparatively light weight, 
high resistance to shock and vibration, and considerable tensile 
strength and ability to resist deformation in at least some of its 
Willy-nilly automobile manufacturers had therefore 
to devote a part of their attention to obtaining such steels as 


members. 


would satisfy these requirements, and this gave a tremendous im- 
petus to the development and manufacture of alloy steels. At 
about the same time the properties of vanadium as an inhibitant 
of brittleness induced by vibration were recognized, which con- 
stituted an added argument in favor of the use of alloy steels. 
The combination of all of these factors gradually caused the 
pendulum of opinion among engineers to swing the other way, 
and created an impression that when a strong part was to be 
made it must be produced out of nickel, chrome-nickel, or chrome- 
nickel-vanadium steel. In addition to this alloy steels were 
expensive, and there is unquestionably a feeling in the back of 
the mind of the average consumer that what is expensive ought 
to be good. Alloy steels therefore began to be used somewhat 
indiscriminately in places where the necessity for them was more 
apparent than real. It is significant in this connection that 
another great transportation industry, namely, the railroads, has 
never become really excited over the use of alloy steels. Carbon- 
vanadium steel was extensively adopted by them for axles, but 
all outside efforts to make the railroads introduce alloy steels 
elsewhere have more or less failed. 
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A more rational feeling in this connection is beginning to appear 
among engineers today. Substantially, the ultimate physical 
properties of carbon steels depend on the rate of cooling from the 
austenitic stage, i.e., from above the upper critical point Ar. 
If this cooling is extremely rapid the martensitic or troostitic stage 
is trapped and the metal becomes extremely hard. By cooling at 
a slower rate the sorbitic stage is trapped, which gives the metal 
medium hardness and great toughness. Finally, by slow cooling 
the pearlitic stage is reached, and the metal is soft and highly 
ductile. It is not always easy or possible to trap the exact stage 
required, particularly in heavy pieces where it is next to im- 
possible to achieve a uniform rate of cooling. The result is that 
unless the process of cooling is entirely controlled there may be 
a hardening of the outside layer and gradual softening as we go 
inward, with possibly a soft heart. The addition of nickel, for 
example, produces structural changes in the steel which permit 
obtaining a fairly uniform hardness throughout the piece. 

It is obvious, however, that the area of cross-section and 
shape of the piece are in many cases such as to permit a con- 
trollable cooling with modern, already highly developed methods 
and equipment, and where such a controllable cooling is possible, 
carbon steel can be made substantially good enough to satisfy 
the requirements in a great many cases where alloy steel is used 
today, and with the additional advantage of a very much lower 
cost. The recognition of this fact has been already apparent 
in the automobile industry, where a high degree of metallurgical 
knowledge is apparently common and a close tab is kept on 
costs of production. In other branches of mechanical engineering 
it might also be well to consider that under proper conditions very 
excellent results can be obtained with plain carbon steel, and, for 
example, in the case of rails—barring those instances where 
manganese steel is used when the question of wear is particularly 
important—plain carbon steel has proved to be not only cheaper 
but actually more reliable than special alloy steels. 

The only exception to the foregoing may be made in favor of 
silicon steel, partly because its cost is fairly reasonable as com- 
pared with other alloy steels, and also because silicon seems 
to impart to carbon steel certain properties which cannot be 
attained by heat treatment today, in particular, the raising of 
the elastic limit. 


James Edgar Denton 


“yR. JAMES EDGAR DENTON, Professor Emeritus of 

Engineering Practice, Stevens Institute of Technology, 

died at the age of 73 years on July 22, 1928, after a linger- 

ing illness. He had been bedridden for about fifteen years, first 

only partially, and finally to a point where paralysis made it impos- 
sible for him to move without assistance. 

Dr. Henry Morton, when president of the Stevens Institute of 
Technology, believed that some of the professors should keep 
in active touch with the outside world. He encouraged Dr. 
Denton to conduct a number of researches and also to do com- 
mercial work in addition to his teaching. Dr. Morton estab- 
lished what was called the Department of Tests, and much of 
Dr. Denton’s work was done under this department. This and 
other work served as the basis of a number of reports, and of 
scientific papers, presented to engineering societies. He made 
tests on early forms of steam turbines, and was among the first 
to appreciate the possibilities and to predict the supremacy of 
the steam turbine. His early work in the field of refrigeration 
and the careful tests he made of refrigerating plants would in 
themselves, serve to perpetuate his name, as would also his work 
on lubrication and lubricants. He was associated in the de- 
velopment of the automobile at such an early day that those 
backing the enterprise did not appreciate the value of many new 


MECHANICAL ENGINEERING 





Vou. 50, No. 10 


features which were developed and which are now embodied in 
standard constructions. He and his classmate and lifelong friend, 
Prof. Samuel D. Graydon, formed a copartnership and operated 
a machine shop under the name of the Graydon & Denton Manu- 
facturing Co. for the manufacture of special machinery. He 
constructed a section of the New York Aqueduct, where he put 
in many strenuous hours in tunneling through rock that was 
difficult to blast and where many adverse conditions were met 
He designed a rock drill especially suitable for the 
work that made a record for the most rapid rate of progress. 
He cooperated with Prof. Wm. A. Rogers and with Mr. Geo. M. 
Bond in establishing standards of length for this country. 

James Edgar Denton was born of New England parents, in 
1855, at Piermont, New York, where his father was employed as 
a master blacksmith of the Erie Railroad. 

In 1858 the family moved to Cambridgeport, Mass., and sub- 


and overcome. 


sequently settled in Brighton, Mass., in whose public schools the 
son received his education up to about twelve years of age. He 
was then withdrawn from school for a time, and worked for a 
year in a sewing-machine repair shop in Boston until the family 
removed to Jersey City to enable the father to return to the 
service of the Erie Railroad Company, to take charge of one of 
their shops. 

After a couple of years spent in a Jersey City public school, 
young Denton attended the Bryant & Stratton Business College 
in New York; in 1871 he entered Stevens Institute as a member 
of its first regular class, and was graduated in 1875. 

After graduation he entered the personal service of Professor 
Thurston, then occupying the Chair of Mechanical Engineering 
at the Institute, to take charge of the testing work carried on 
by Professor Thurston as a separate department known as the 
Mechanical Laboratory. To this work he added, in 1878, the 
instruction in mathematics at the High School. 

In 1879, during about a year’s illness of Professor Thurston, he 
took temporary charge of the Engineering Department, and or- 
ganized a systematic course of shop practice. 

In 1880 Mr. Denton laid before Dr. Morton a plan for supple- 
menting the theoretical instruction in engineering by a series of 
experimental exercises designed to give the student an oppor- 
tunity of testing for himself the truth of the principles and 
formulas which the textbooks represent as governing the design 
and operation of practical machinery. This led to the organi- 
zation of the course of experimental exercises given to the senio! 
students in the summer or preliminary term of the Institute, 
which was commenced with the class of 1881 in the summer ot 
1880, and was the first systematic effort to provide a course of 
instruction of this kind, aiming to cover examples of all the prin- 
cipal applications of the theoretical matter covered in mechanical 
engineering courses. 

In the management of this department Prof. D. S. Jacobus 
became associated with him, and they developed its resources 
together until 1898, when Professor Denton succeeded Professor 
Wood in the Chair of Mechanical Engineering. He received the 
honorary degree of Doctor of Engineering from Stevens in 1906 

Dr. Denton was life member of The American Society o! 
Mechanical Engineers, which he joined in 1881, and a member 
of the American Society of Civil Engineers, American Institut: 
of Mining Engineers, American Institute of Electrical Engineers 
American Association for the Advancement of Science, Societ) 
for the Promotion of Engineering Education, Society of Nava! 
Architects and Marine Engineers, New England Water Works 
Association, Engineers’ Club of New York, and Delta Tau 
Delta fraternity, as well as of the Baltusrol, Morris County, 
and Madison golf clubs. He was also a member of the World's 
Fair Commission on the Jury of Awards in Engineering at Chicago 
in 1893, and at St. Louis in 1904. 








A.S.M.E. Summer Meeting in Minnesota 


Well-Planned and Well-Executed Program of Excursions, Sightseeing Trips, and Good Papers, 
Thoroughly Discussed; T. D. Campbell and R. G. Budd Speakers at Dinner 


MT. PAUL and Minneapolis cooperated with splendid results 
S in the successful Summer Meeting of the A.S.M.E. held 
A well- 
planned and happily ecarried-out program of excursions, sight- 
seeing trips, and good papers, thoroughly discussed, made this 
a memorable occasion. Over 300 registered, 94 members and 
guests coming by boat through the Great Lakes from Buffalo, 
stopping at Duluth for a view of the Iron Range, and visiting Win- 
nipeg as the guests of the Engineering Institute of Canada with 
the Minnesota Federation of Engineers and Architects. 

Thomas D. Campbell,of Hardin, Montana, and Ralph G. Budd, 
of St. Paul, were the feature speakers at the dinner on Wednesday 
evening, which was presided over by Conrad N. Lauer, of Phila- 
delphia, member of the council. 


August 27 to 30, 1928, in these progressive cities 


Both of these speakers are 
engineers who have made outstanding contributions to the great 
industries of the Northwest. Mr. Campbell, a 
engineer, has turned farming into an industry. 


mechanical 
His address 
on some of the American agricultural problems is the leading 
article in this issue and is followed by a description of the manner 
Mr. Budd, a civil 
engineer and president of the Great Northern Railway, discussed 
the situation of the railway industry since 1920 and stressed the 


in which he conducts his farming operations. 


importance of the contributions which mechanical engineers have 
made in this perfection period of railway development. His address 


will appear in the November issue of MECHANICAL ENGINEERING 
ENTERTAINMENT AND EXCURSIONS 


The excellent entertainment program opened with an informal 
reception to President Dow on Monday evening at the St. Paul 
Hotel. A motion-picture film was shown which dealt with aero- 
nautic research work carried out in Japan by means of pictures 
taken at the rate of 20,000 per second. 
for dancing. 


Then the floor was cleared 
On Tuesday, the Minneapolis members provided 
After a visit to the flour mills, the University of 
Minnesota, and other important industries, the party was taken 
to the Woodhill Country Club on Lake Minnetonka for dinner 
and an evening of dancing. On Wednesday, St. Paul entertained, 
starting with a luncheon with the St. Paul Association of Com- 
merece, presided over very happily by Colonel Paul Doty, a past- 
president. of the Association and a member of the A.S.M.E. 
President Dow spoke of the importance of the mechani- 
cal engineer and his place in modern civilization. Then after 
a visit to the interesting industries of St. Paul, the party returned 
to the St. Paul Hotel for the excellent dinner, the addresses at 
which were broadcast over KSTP, some delightful music, and 
dancing. 


the program. 


Council 


The ladies thoroughly enjoyed the well-executed 
program of an able local committee. Sightseeing trips, teas, 
and bridge filled the time when their escorts were busy with tech- 
nical matters. As this was essentially a vacation meeting, 
golf formed an important part of the program, and many partici- 
pated in the tournament on Tuesday afternoon for which generous 
prizes were offered. 


Councit MEETING 


The Council met on Monday morning with President Dow in 
the chair, and transacted a large volume of routine business. 


TECHNICAL SESSIONS 


The technical program was planned to deal with the mechanical 


problems of the industries of the Northwest. 
resulted. 


Ten good sessions 
They were held in the St. Paul Hotel on Monday 
afternoon, and on the mornings of Tuesday, Wednesday, and 
Thursday 


AERONAUTICS 


W. B. Stout attracted a good attendance for one of the opening 
sessions on Monday afternoon with his address on the future of 
flying. He held his audience for an hour with his outline of the 
transportation needs that the airplane must satisfy, and the 
means to be taken to accomplish this. 
later in the Society publications. 


His talk will appear 
In the absence of the author, 
Mr. Stout then presented the paper on ‘‘Modern Airports and 
Airport Planning,’ by B. Russell Shaw, of St. Louis, Mo. The 
program was arranged by the Aeronautic Division, and L. P. 
Alford presided. 


APPLIED MECHANICS 


At the Pittsburgh meeting in May, the Applied Mechanics 
Division successfully demonstrated that highly technical papers 
can be discussed intelligently at a meeting session. Further 
proof was furnished at this session, which lasted three hours and 
a half, under the guidance of W. E. Brooke, professor of mathe- 
matics at the University of Minnesota. The first paper, by 
M.G. Driessen, of Wettingen, Switzerland, giving ‘“‘A Simplified 
Method of Determining Stresses in Rotating Disks,’’ was read 
by title. Copies of this paper are available and written dis- 
cussion will be weleomed. The second paper by A. B. Kinzel, 
on “Evaluation of the Technical Worth of a Steel From Physical 
Test Data,’ brought out several written discussions and con- 
siderable oral comment. It will also be presented at Boston in 
October for further discussion, and then published in Trans- 
actions. The final paper, dealing with “Stress Analysis in Elec- 
trical Rotating Machinery,” by M. Stone, of East Pittsburgh, 
Pa., was well discussed. 


APPRENTICESHIP 


‘ 


S. Carl Shipley, professor of machine construction at the 
University of Minnesota, presided over a program arranged by 
the Committee on Education and Training for the Industries. 
The system of training and the results obtained in a cooperative 
program of the Tri-City Manufacturers Association were out- 
lined by S. M. Brah, of Moline, Ill. The merits of such a 
program, correspondence-school instruction, and local training 
schools were dealt with at length in an interesting discussion. 
“Does Mass Production Lessen the Need for Trade Skill?” was 
the title of the paper by H. A. Frommelt, of St. Louis, which was 
presented by J. E. Nicholas. The discussion then centered on 
the importance of meeting the increased demand for skill in 
production operations. 


FUELS AND MATERIALS HANDLING 


Low-temperature distillation, the coking process, and mechani- 
cal coal mining were dealt with in this interesting session at which 
President Dow presided. Max Toltz, ofSt. Paul, presented 
some figures for the processes used in the liquefaction of the low- 
grade fuels found in the Dakotas and Montana. A. R. Powell, 
of Chicago, described the latest developments in coke-plant de- 
sign, and presented some facts on the economics of the coke 
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industry. In the discussion the importance of local markets 
for the products of these two processes was particularly empha- 
sized. 

The final paper, by Eugene McAuliffe, president of the Union 
Pacific Coal Company of Omaha, Nebraska, valuated the various 
factors involved in the use of coal-loading machinery in the 
mines. His paper appeared in the September issue of MEcHANI- 
cAL ENGINEERING. In answer to a question Mr. McAuliffe 
stated that in 1923 his company loaded 4 per cent of its product 
mechanically, and in July, 1928, 56 per cent. 

AGRICULTURE 

The American Society of Agricultural Engineers joined in 
this session, under the chairmanship of Prof. William Boss, 
president of the A.S.A.E. and professor of agricultural engi- 
neering at the University of Minnesota. Two splendid papers 
were presented by E. A. Stewart, of St. Paul, and L. J. Fletcher, 
of Peoria, Ill., and will be found elsewhere in this issue, together 
with brief summaries of the discussion they elicited. 

POWER 

The methods of operation and the classification of costs of 
power systems with complicated combinations of generating 
units and varying load factors furnished the subject-matter of 
the first part of the session on power, presided over by Charles 
T. Sloop, professor of steam engineering at the University of 
Minnesota. James A. Colvin, of Minneapolis, described the 
method of operating an interconnected system of steam and hy- 
droelectric plants, and Edward H. Scofield, also of Minneapolis, 
presented an analysis of the costs of variable-load and multiple 
power supply based on actual performance. In the discussion 
the external temperature variation of 125 deg. common in the 
United States was pointed out, as was also the need for watching 
maintenance Too low maintenance expenditures, 
it was emphasized, are a signal of future trouble. 

The second part of the program consisted of a discussion of 
the hydro development of the Ohio River at Louisville, by 
Harrison G. Roby, of Chicago. Mr. Roby outlined the features 
of the Louisville station design necessitated by the conditions 
of navigation and flood on the Ohio River, and showed two reels 
of motion pictures of the plant during construction. The dis- 
cussion centered on the operating efficiencies of water wheels 
operating under heads varying from 37 ft. to 71/2 ft. 


expenses. 


Iron MINING 


This session brought an interesting story of the historical 
development of mechanical mining methods in Minnesota, and 
a discussion of the characteristics of equipment necessary for 
successful operation by electricity. The two papers presented, 
by Anton Tancig, of Chisholm, Minnesota, and A. C. Butter- 
worth, of Duluth, Minnesota, appeared in the September issue 
of MECHANICAL ENGINEERING. The discussion focused on the 
improvement in operating conditions that had been brought 
about by mechanical mining devices. 

PaperR-PuLp GRINDING AND PUMPING 

The Printing Industries Division sponsored this valuable 
session on paper-mill problems, which was opened by Col. 
Edward T. Miller, of Chicago, with an interesting discussion on 
the need of more and better engineering in the printing indus- 
tries. The first paper, by Adolph F. Meyer, of Minneapolis, 
described a method of controlling pulp-grinder operation and the 
resulting high economies. The second paper, by H. N. Anderson, 
of St. Paul, described a new pump for high-density paper stock. 
The discussion was informal but searching as to the merits of 
these two new types of apparatus. 
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FLour MILLING 


Maurice D. Bell, of Minneapolis, presented a paper on “Power 
in the Flour, Mills at Minneapolis,” which outlined the develop- 
ment of the use of electricity, discussed the generating problems, 
and told how the new apparatus had been adapted to old equip- 
ment. <A. W. Strong, of Minneapolis, presided, and the dis- 
cussion dealt largely with the questions of hydroelectric power 
generation at Minneapolis. 


RESEARCH 


Two papers giving the results of successful investigations were 
presented at this session under the chairmanship of O. M. Leland, 
dean of the College of Engineering and Architecture at the 
University of Minnesota. ‘Friction in Dredge Pipes,” a paper 
by James H. Polhemus, of Portland, Oregon, and Prof. John R. 
du Priest, of the University of Minnesota, was presented by 
Professor du Priest. This paper gave new and important data 
on dredge-pipe friction gained in tests of 26-in. pipe with veloci- 
ties up to 20 ft. per sec. Prof. Frank B. Rowley, also of the 
University of Minnesota, reported results from a portion of 
the extensive work he has been doing on insulated walls. 


Locat CoMMITTEES 


The success of the meeting was due to forty individuals from 
the Minneapolis and St. Paul Sections of the Society who worked 
valiantly under the guidance of the following executive com- 
J. J. Summersby, Jr., Chairman, Lawrence Washington, 
Herrick, B. J. Robertson, 

Frawley, Max Toltz, and 


mittee: 
Secretary, James A. Colvin, C. A. 
kK. H. Seofield, W. A. Thomas, P. J. 
R. K. Culbertson. 


U. S. Submarine Equipment Completed 


HE electrical equipment for U. 8S. Submarines V-5 and V-6, 

the largest fleet-class submarines ever built, has just been 
completed at the East Pittsburgh works of the Westinghouse 
Electric & Manufacturing Company. 

The boats will be of the twin-screw type, Diesel engines being 
used for propulsion on the surface and direct-current motors, 
fed from lead storage batteries, for submerged operation. These 
batteries may be charged either from the propelling motors acting 
as generators or from Diesel-driven auxiliary generators fur- 
nished for that. purpose. 

The design and construction of the motors represent a radical 

In a suomarine, weight 
Consequently the motors 


departure from conventional methods. 
and space are naturally at a premium. 
are designed in such a manner as to obtain the greatest possible 
amount of energy from the minimum weight and volume of 
The machines are constructed almost entirely of 
Parts of the bearing 


material. 
steel, either cast, forged or punched. 
housings are made of an aluminum alloy to reduce weight. 

As an additional means of conserving weight and space, 
forced motor ventilation is used. This permits a considerably 
greater output from a given volume of material than obtains 
where natural ventilation is relied upon to dissipate the losses 
generated in the machine. A closed ventilating system is used, 
the air being cooled by passing through a special sea-water cooler. 
Mica and asbestos are used throughout for insulation. 

Since it is essential to have ready access to the various parts 
of submarine motors after installation, and since it is impossible 
to provide sufficient clearance aboard the boats to permit com- 
plete dismantling of the motors, it was necessary to incorporate 
several special features of accessibility in the motor design. 

Similar features of compactness, reliability and accessibility 
enter into the design of the generating and control apparatus. 
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HE Library is a cooperative activity of the A.S.C.E., the A.I.M.E., the A.S.M.E. and the A.1.E.E. It is administered 


by the United Engineering Society as a public reference library of engineering and the allied sciences. 


It contains 150,000 


volumes and pamphlets and receives currently most of the important periodicals in its field. It is housed in the Engineering 
Societies Building, 29 West 39th St., New York, N. Y. In order to place its resources at the disposal of those unable to visit 
it in person, the Library is prepared to furnish lists of references on engineering subjects, copies of translations of articles, and 


similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a cellection of modern technical books which may be rented by members residing in North America. 


A rental of five cents a day, plus transportation, is charged. In asking for information, letters should be made as definite as 
possible, so that the investigator may understand clearly what is desired. 





New Books on Patent Law 


PATENT LAW FOR THE INVENTOR AND Executive, By H. A. Tout- 


MIN, JR. Harper & Brothers, New York, 1928. Cloth 5'/s 
77/s in., 288 pp., $4. 

PATENT EssentTiAts. By Jonn F. Ross. (New and _ revised 
edition Funk & Wagnalls Company, New York, 192s, 
Cloth 5 x §$3/sin., 485 pp., 20 figs., $5. 


‘| RE United States Patent Office is issuing on an average of 
1000 patents a week. than 


three patents reaches the stage of issue, this means that on an 


As probably not more one in 
iverage 3000 patents a week, or 150,000 a year, are applied for. 
Chese figures alone would be sufficient to indicate the large num- 
ber of men who come in contact directly or indirectly with the 
patent situation. It is true that lawyers have a saying to the 
effect that any man who acts as his own attorney has a fool for a 
client. Nevertheless even inventors who employ an attorney 
would do well to master at least the fundamentals of patent law 
and procedure. This applies with even greater force to those 
who come in contact with patent law without being inventors. 
Business men, bankers, manufacturers, have to do so from time to 
time, either through investment in patents or plants making 
patented products, or through the necessity of buying patents or 
dealing with patent infringement. 

The patent law is in many ways a surprising one, and this 
feature of it is not limited to the patent procedure alone, but to 
many features that might be called ‘‘outside” patent law. Thus, 
for example, in some states there is a law to the effect that a note 
given in payment for a patent can be collected only if it bears on 
its face the stipulation “given for a patent right.’’ For passing 
i note not bearing such a stipulation one state imposes a fine of 
$500—and a jail sentence of forty days. This shows the extra- 
ordinary complexity of the laws governing patents and patent 
rights. 

Because of the large numbers directly and indirectly interested 
in this matter, quite a literature on the subject has grown up. 
Two such books have appeared recently. One, by H. A. Toul- 
min, Jr. is entitled, ‘Patent Law for the Inventor and Execu- 

In this book the author does not try to go into the 
minutiae of patent law and teach how to obtain a patent. He 
presupposes that this will be done with the help of a proper 
attorney. He does, however, discuss in considerable detail what 
might be called the “policy” of patents. The book is primarily 
addressed not to the inventor himself but to those who have to 
buy and sell patents, operate under them, and at times infringe 
them. Engineers will be particularly interested in the chapters 
dealing with the election of “trade secret or patent,’’ ownership of 
inventions by employees and stimulation of invention by them, and 
the relation between patents and anti-trust laws. The appendices 
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give in abstract some of the patent laws but do not cover the 
most recent amendments which are, however, not of primary 
importance. 

The book by John F. 
entirely different purpose. 


tobb on “Patent Essentials” is for an 
While primarily addressed to the 
engineer and inventor it is sufficiently complete to be of value to 
the patent attorney, and indeed presupposes in the reader a 
greater interest for the legalities of patent procedure than the 
what might be called “incidental’’—inventor would be 
apt to have. 


average 
To a person, however, who must know more about 
patent procedure than a man who applies for only one patent in 
all his life, the book will prove of decided interest. It is believed 
that the chapter entitled, ‘““The Science of Drafting Patent 
Claims,”’ will be of practical interest both to engineers and patent 
attorneys. While a vast amount of material in the way of court 
decisions has accumulated on the subject of validity and pro- 
priety of patent claims, the matter has not been dealt with before 
in a systematic manner in any publication, and the treatment by 
the present author is decidedly enlightening. The present pub- 
lication is a revised edition. 


Books Received in the Library 


ABMESSUNGEN VON Hocu UND MARTINOFEN. By Michael Pavloff. 
Otto Spamer, Leipzig, 1928. Paper, 7 * 10 in., 148 pp., tables, 
diagrams, 7 X 10 in., 14 r.m. 

A practical textbook on the design of blast furnaces and 
open-hearth steel furnaces, intended for students of metallurgy 
and for furnace designers. Following the usual method of the 
author, the book is founded directly on practice, the dimensions 
suggested being derived from extensive study of actual furnaces. 
The book will be weleomed by all designers having to deal with 
its subject-matter. 


By George Hugh 
Cloth. 6 xX 9D in., 


Tue ELEMENTS OF INDUSTRIAL ENGINEERING. 
Shepard. Ginn and Co., Boston, 1928, 
541 pp., diagrams, tables, $4.80. 

In the preparation of this work the writer had three distinct 
purposes: (1) to reduce industrial engineering to a few definite 
and comprehensive principles, by which the engineer can analyze 
any situation in management and synthesize the procedure; (2) 
to bring students immediately into working contact with these 
principles; ‘and (3) to cause them to learn the principles prac- 
tically by using them in their daily lives. 

Some of the chapter headings are as follows: III-Campus 
Activities as Part of a Student’s Education; V-Adaptation of 
Conditions and Work to Each Other; IX-Higher Common Sense; 
XI-Personnel; XII-Organization; XIII-Standards; XV-The 
Fair Deal. 
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York, 


Neo-Technical Research Corporation, New 
Cloth, 9 X 12 in., illus. diagrams, tables, $25. 


ENGINEERS. 
19238. 

This book lists the engineers in corporations with their official 
duties and connections. It gives the essential engineering data 
for each branch of engineering, and a directory of materials and 
equipment for industrial and power plants. There is also a sec- 
tion devoted to mathematical tables and a list of universities of 
engineering with the names of the presidents and the engineering 


faculty. The book is divided into five sections, separately paged. 


ENGINEERING AERODYNAMICS. By Walter S. Diehl. (Ronald 
Aeronautic Library.) Ronald New York, N. Y., 
1928. Cloth, 6 X 9 in., 288 pp., illus., diagrams, $5. 


Press Co., 


This book has been written to supply the demand for more 
practical information on aerodynamics in form suitable for direct 
application by aircraft designers and advanced students in aero- 
nautical engineering. The author has tried to include as much 
new material as possible and to avoid the inclusion of well-known 
or easily obtained data. The conventional treatment of elemen- 
tary aerodynamical problems has been omitted. 

Force Account on Unit-Price ConstTRUCTION CONTRACTS, a 
Report by the Bureau of Municipal Research of Philadelphia. 
Philip A. Beatty in charge of this study. Thomas Skelton 
Harrison Foundation, Philadelphia, 1928. Paper, 6 X 9 in., 
35 pp. (Copies of the Report may be obtained without charge 
from the Bureau.) 

The Bureau of Municipal Research is engaged in a study 
of the methods followed in Philadelphia in preparing, letting, 
and performing contracts for municipal work. The present 
pamphlet presents its finding and recommendations about force- 
account practices in various departments of the city government. 
The pamphlet analyzes practices in some twenty American 
cities and discusses the advantages and disadvantages of the 
different methods. Recommendations for controlling force 
accounts are given. As little has previously been published 
on this subject, the pamphlet should interest many. 


A Hanpspook oF PETROLEUM, ASPHALT AND Natura Gas. By 
Roy Cross. (Bulletin no. 25, revised.) Kansas City Testing 
Laboratory, Kansas City, Mo., 1928. Leather, 5 X 7 in., 832 
pp., tables, diagrams, $7.50. 

A very convenient pocketbook for oil men and others interested 
in petroleum. The author has brought together in condensed 
form a great mass of technical and scientific information on the 
production, properties, handling, refining, and evaluating of pe- 
troleum, asphalt, natural gas, and oil shale. Particular atten- 
tion is paid to refining and cracking. A valuable list of patents 
on cracking is included, and there is a good bibliography. The 
present publication is a revision of earlier issues, with additions. 


Part 1, Processes 
1928. Paper, 


MacuineE Suop Unit. Edited by H. C. Thayer. 
1 to 12. McGraw-Hill Book Co., New York, 
9 X 11 in., diagrams, $0.35. 

A collection of process sheets prepared by a group of instruc- 
tors in vocational schools, to assist in teaching basic operations 
of machine-shop work. The present collection cares for twelve 
operations on the lathe, taken from Burghardt’s ‘‘Machine Tool 
Operation,”’ and intended for use with that text. 


Tue MANUFACTURE OF ARTIFICIAL SiLK Wits Speciat REFERENCE 
TO THE Viscose Process. By E. Wheeier. (Monographs on 
Applied Chemistry.) Van Nostrand, New York, 1928. Cloth, 
5 X 9 in., 150 pp., illus., diagrams, $5. . 

The author states that this monograph is not an exhaustive 
treatise on the subject, but its object is to present a description of 
the essential chemical and engineering details of the modern meth- 
ods of manufacturing and of the properties and uses of artificial 
silk. References to patents and periodical literature are given at 
the end of each chapter. 
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By Florian Cajori. Chris- 
1928. Cloth, 5 X 8 in. 


MATHEMATICS IN LIBERAL EpvucaTIon. 
topher Publishing House, Boston, 
$1.50. 

This book is a review of the statements of prominent men of all 
ages on the effect of methematics in liberal education. In this 
historical study of the question, the author has quoted names and 
opinions of those in favor of mathematics as well as those opposed 
to mathematics. 


MECHANICAL ENGINEERING, A Text-Book for a Short Course. By 
W. A. Mitchell. John Wiley & Sons, New York, 1928. Cloth, 
6 X 9 in., 402 pp., diagrams, $4. 

This book has been prepared for the cadets of the United 
States Military Academy. 
enough of the principles of mechanical engineering so that he 
may in the future understand the practical engineering require- 
ments of his profession. 


It is intended to teach the cadet 


Movern Picture THEATRE EvectricaL EquipMENT AND Prospe 
TIon. By R. V. Johnson. Second Edition. Crosby Lockwood 
& Son., London, 1927. Cloth, 6 & 9in., 189 pp., illus. diagrams, 
10 s. 6 d. 

This is not a scientific textbook, but it is intended for architects, 
theater owners, theater operators, and electricians. It takes up 
primary, secondary, and effect lighting of theaters, the motion- 
picture projection room and projection machine, with all the 
necessary electrical equipment. 


PETROLEUM AND Its Propucts. By William A. Gruse. McGraw- 
Hill Book Co., New York, 1928. Cloth, 6 X 9 in., 377 pp., 
$4.50. 

This book starts with a general description of the types of pe- 
troleum, their chemical constitution, physical properties, and ori- 
The author then discusses refining by distillation, chemical 
The last part includes gas- 


gin. 
methods, adsorption, and cracking. 
olene and motor fuels, kerosene, lubrication and petroleum lubri- 
cants, petroleum wax and petrolatum, fuel oil, petroleum asphalts 
and miscellaneous petroleum products. It is intended as a text 
book on the chemistry of American petroleum. 


VARNISHES 
Fourth edi 


EXAMINATIONS OF PAINTS, 
By Henry A. Gardner. 


PHYSICAL AND CHEMICAL 
LACQUERS AND CoOLors. 


tion. Institute of Paint and Varnish Research, Washington, 
D. C., 1927. Cloth, 6 K 9 in., 781 pp., +apx., illus., tables 
$11. 


An exhaustive summary of approved methods for testing 
the raw materials and the finished products of the paint, varnish 
and lacquer industries, prepared by an authority in this field 
An appendix contains twenty-nine specifications for painting 
products prepared by the Federal Specifications Board to govern 
Government purchases. 


PracticaL SHeetT Metrat Duct Construction. By Willia: 
Neubecker. Fourth edition, Sheet Metal Publication Co 
New York, 1928. Cloth, 6 X 8 in., 225 pp. illus., diagrams, $ 

This book relates to the construction and erection of heating 
and ventilating ducts, registers, and dampers. It illustrates th: 
method of calculating areas of pipes and ducts, and the constru: 
tion of a large ventilator. It also describes the design and la 

out of duct fittings and the method of taking off quantities 0! 

material in duct work. 


Oxford Universit; 
Cloth, 6 X 9 in., 


PRINCIPLES OF MECHANISM. By F. Dyson. 
Press, American Branch, New York, 1928. 
296 pp., diagrams, $4.25. 

The author has written this book for students studying the 
fundamental principles of moving parts of machines. No at- 
tempt has been made to apply the principles involved to the de- 
sign of actual machines. The text contains examples with their 





pes 
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solutions and problems have been placed at the end of each 
chapter. 


Diet PuMPEN, EIN LEITFADEN FUR HOHERE MASCHINENBAUSCHULEN 
UND ZUM SELBSTUNTERRICHT. By H. Matthiessen and E. 
Fuchslocher. Second edition. Julius Springer, Berlin, 1928. 
Cloth, 6 X 9 in., 90 pp., diagrams, 2.90 r.m 

In the brief compass of ninety pages, this book presents ad- 
mirably the essentials of the arrangement, construction and 
operation of the most-used forms of pumps. The exposition 
is confined to practical matters, a knowledge of pump theory 
being left to other texts. The book is intended to supplement 
the instruction in engineering colleges and for self-instruction. 


ReGELN Fir LeISTUNGSVERSUCHE AN KREISELPUMPEN. By a 
Committee of the Verein deutscher Ingenieure and the Kreisel- 
pumpen-Verband. V.D.I. Verlag, Berlin, G.M.B.H., 1928. 
Paper, 8 X 11 in., 27 pp., diagrams, tables, 3.50 r.m. 

The rules for testing centrifugal pumps given in this pamphlet 
have been formulated under the auspices of the Society of Ger- 
man Engineers, by a committee of engineers, users, manufac- 
turers and scientists, and are intended as standards for such 
tests. The principles involved, the methods of testing and the 
interpretation of the results are discussed fully, the necessary 
data are given, and their use illustrated. 
leCHNISCHES HiLFsspucu. Edited by Schuchardt & Schiitte. 


Seventh edition. Julius Springer, Berlin, 1928. Cloth, 5 x 7 
in., 526 pp., illus., tables, diagrams, 8 r.m. 


A pocket book for machinists and mechanical engineers, which 
gives in convenient form much information on standards for 
screw threads and machine parts, on the properties of metals 
and the capacities of machine tools, and on shop practice in gen- 
eral. The work is an unusually well selected collection of data. 


lexTite Microscopy. By L. G. Lawrie. Ernest Benn, Limited, 
London, 1928. Cloth, 7 X 10 in., 144 pp., illus., diagrams, 


25 s. 


This volume takes up special applications of the microscope in 
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textile work. Detailed descriptions are given of various types of 
books and accessories, such as lamps and light filters. It includes 
microscopic technique for handling fibers, and the different stains 
that may be used. 


TRAITE-PRATIQUE DE NAVIGATION AERIENNE. By A. B. Duval 
and L. Hébrard. Gauthier-Villars & Cie, Paris, 1928. Paper, 
7 X 10 in., 196 pp., diagrams, plates, 30 fr. 

Duval and Hébrard’s “Practical Treatise on Aerial Naviga- 
tion” was, we believe, the first to appear on that subject. Origi- 
nally printed serially in L’Aéronautique several years ago, it 
later appeared in book form. The second edition is now pub- 
lished, with revisions bringing it up to date. 

The book presents the technical methods of navigation, as 
adapted from those which maritime navigators have found satis- 
factory. The treatment is elementary. The use of the compass 
and other instruments is explained, the general rules of navi- 
gation are given, and methods are outlined. 


Water Purirication. By Joseph Ellms. Second edition. Mc- 
Graw-Hill Book Co., New York, 1928. Cloth, 6 X 9 in., 594 
pp., illus., tables, plates, diagrams, $3. 

A comprehensive treatise on the purification of water by an 
engineer of wide experience. The entire subject is covered, 
and practical information is given on the design, construction, 
and operation of filtration plants, and costs are included freely. 
Bibliographic references are provided amply. 

The new edition, which is about one-fourth larger than the 
first, has been carefully revised and brought up to date. A 
new chapter on the effect of the hydrogen-ion concentration of 
natural waters has been added. 


WECHSELSTROM- KOMMUTATORMASCHINEN. By Karl Baudisch 
Walter de Gruyter & Co., Berlin, 1928. Cloth, 4 X 6 in., 104 
pp., illus., diagrams, 1.50 r.m. 


Takes up the method of operation and the application of 
commutator machines, the commutator armature and its proper- 
ties, and single and polyphase commutator motors, 
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WOOD-INDUSTRIES PAPERS 


Change in Moisture Content of Lumber 
During Rail Shipment 
By G. E. FRENCH 
U.S. Forest Products Laboratory, Madison, Wis 


"|‘HIS paper presents the results of an investigation made to 
determine whether or not lumber placed aboard cars at the 
sawmill at a low moisture content will change in moisture content 
during transit to such a degree as to defeat the purpose of careful 
seasoning for general or specific uses. 
The results of the investigation show that stock placed in the 
car in satisfactory condition as to moisture content will reach the 


unloading point in practically the same condition. If, on the 
other hand, it is received in bad condition by the consignee, the 
fault, unless the car is found to be in a poor state of repair, must 
be with the seasoning methods which have been employed. 
[Paper No. WDI-50-8]} 


The Need of Research on Tropical Woods 
Before Marketing Them 


By ARTHUR KOEHLER 


In charge, Office of Wood Technology, Forest Products Laboratory, Madison, 
Wis. 

FTER establishing the value of research in woods over cut- 

and-try methods of determining their properties and values, 

the author discusses two main lines of research which should be 
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carried on with tropical woods, the determination of the normal 
properties of the species of wood, and the determination of means 
of overcoming objectionable qualities that may appear in the 
{Paper No. WDI-50-9] 


species 


Our Need for Knowledge of Tropical Timbers 


By SAMUEL J. RECORD 


Prof x of Forest Products, Yale University, New Haven, Conn 


|} APID waning of supplies of virgin timber in this country 

calls for extended use of tropical woods, whose properties 
The work that 
The agencies to do it 


and uses must become familiar to the industry. 
is needed to be done is carefully outlined. 
are available and willing. It remains for those who would 
profit most from these investigations to furnish the means for 


carrying them out. [Paper No. WDI-50-10] 


Problems of Design for Mass Production in 
The Furniture Industry 
By BAYARD EDWIN RICHARDSON 


Plant Engineer, Stow-Davis Furniture Co., Grand Rapids, Mich 


HIS paper discusses the problem of design for mass produc- 
tion in the manufacture of commercial furniture. 

All previous conceptions of structural design have been aban- 
doned, and while external appearance has been only slightly 
altered, the component parts of the desk have been radically 
changed. 

These changes in structural design have brought about marked 
reductions in. manufacturing costs, greater strength in the 
assembled products, and best of all, a method of assembly which 
permits the use of the principles of mass production now so suc- 
cessfully used in the automotive industry. [Paper No. WDI- 
50-11] 


Compressive Tests of Balsa Wood 
By A. H. STANG 
Engineer, Bureau of Standards, Washington, D. C 


HIS paper gives the results of physical tests made on eleven 


samples of balsa wood. Stress-strain and steam-set curves 
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are given, as well as a table of the physical properties as revealed 
by the tests. [Paper No. WDI-50-12] 


PETROLEUM PAPERS 


Progress in the Petroleum Industry 


FPHIS report of the Petroleum Division is subdivided in such a 
that 
treated individually by prominent engineers. 


way various phases of the division’s activities are 
The report contains 
the following: ‘‘Progress in the Production of Oil,”’ by Homer R. 
Pierce; ‘Development of Mechanical Equipment for Petroleum 
Production,”’ by Hollis P. Porter; ‘Progress in Rig and Field 
Equipment,” by Glenver McConnell; ‘Progress in the Natural 
Gas Industry for 1926-1927,” by H. B. Bernard; ‘‘Development 
of Transportation of Crude Oil in 1927,” by B. P. Sibole; and 
“Progress in Refining,” by Walter Samans. [Paper No. PET- 
50-1] 


General Heat-Transfer Formulas for Conduc- 
tion and Convection 
By EDWIN R. COX 


Engineer, California Gasoline Co., Los Angeles, Calif 


STARTING with the work of Osborne Reynolds and Nusselt, 
\ the author sets up the equation developed by the latter and 
reviews the work of other investigators such as Rice, McAdams 
and Frost, the Babcock and Wilcox Company, and others on the 


same subject. [Paper No. PET-50-2] 


The Gas Lift as Applied to Oil Production 
By F. W. LAKE 
Superintendent of Production, Union Oil Co. of Calif., Brea, Calif 


‘| HE central-plant system of gas-lift operation is described, 

and production-decline curves of several California wells 
showing the results of the process are discussed. The factors 
which control successful operations are enumerated, and a state- 
ment of the limitations of the process is made. [Paper No. PET- 
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